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INTRODUCTION. 

The following paper represents the result of the identification of the species 
of Cladocera, Copepoda, and Ostracoda collected by Dr. Worthington. 

Dr. Worthington has already published a general introduction and station 
list, so there is no necessity to describe this further. Altogether some seventy- 
six samples were examined, and the species which occurred in each were recorded. 
The complete list of these has been sent to Dr. Worthington, and it is not 
considered necessary to publish this here. 

A complete list of the species recorded is given below, together with the 
list of species occurring in each lake or special piece of water. This is followed 
by a description of any new species found, together with a few general remarks 
about their occurrence when it is considered of interest. 

The Crustacea examined were described by Dr. Worthington in his prelim- 
inary account as the ‘ Planktonic Crustacea’, but the term is open to a certain 
amount of objection, and I have altered it after consulting the collector. The 
reason why the original description is objectionable is that many of the species 
are by no means really planktonic, for they are incapable of either floating 
or swimming, nor do they even have free-swimming larvae. Here I refer, 


* Tho cost of reproducing these illustrations has been borne by the Westwood Fund. 
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in particular, to the Ostracods, many of which crawl along the bottom or attach 
themselves to water-plants. In general collections made with nets, such 
species will be found when collecting near the shore or among weeds, but they 
will not occur among the samples taken from open water. One rather curious 
feature is the entire lack of Harpacticids. These were searched for most 
carefully among all the samples, but none occurred. 

In addition to the samples of plankton, I also received two samples of dried 
mud, These were placed in water and left for a considerable time, but un- 
fortunately no Crustacea were obtained from them. A considerable amount 
of work has been done already on the Entomostraca of these East African 
Lakes, and in particular I would refer to the recent work of Miss P. M. Jenkin 
on the Rift Valley Lakes in Kenya in 1929. At the end of her paper 
Miss Jenkin has given such a complete list of references that it is felt that there 
is no necessity to repeat it or any part of it at the end of this paper. 

In matters of nomenclature I have followed Miss Jenkin in the Cladocera, 
while in the Copepoda I have followed the nomenclature of Dr. Robert Gurney, 
given in his recent Ray Society Memoir. In the Ostracoda I have used that 
given by Sars in ‘ Crustacea of Norway ’, vol. ix. 

In her recent paper Miss Jenkin has separated a large number of varieties 
of Cladocera, basing her diagnosis chiefly on measurement and ratios of the 
various parts. Miss Jenkin has had, of course, considerable experience of 
living Cladocera in the British Isles, and she was fully familiar with most of 
the species she was collecting, while she also had the great advantage of seeing 
any new varieties in the living state. I received preserved specimens only, 
and in some cases the preservative had completely evaporated, and I was 
only able to identify the species after they had been resoaked either in water 
or alcohol or dilute glycerine. Again, some of the material came from the 
stomach contents of fish. Under these circumstances I have felt that the 
separation into varieties is hardly possible, and hence in most cases the species 
alone is given. 


I wish to express my gratitude to Dr. Worthington for the opportunity of 
working through this interesting collection. 


List of species found. 


CLADOCERA. Ceriodaphnia cornuta Sars. 
Diaphanosoma excisum Sars. Moina dubia Guerne & Richard. 
Hyalodaphnia barbata (Weltner) Daday. brachiata (Jurine). 
Daphnia pulex (De Geer). _ Alonella punctata (Daday). 
longispina O. F. Miiller. _ Pleuroxus aduncus (Jurine). 
galeata Sars. | Chydorus sphaericus (O. F, Miiller). 


Simosa vetuloides (Sars). 

Ceriodaphnia reticulata Jurine. 

—— laticaudata P. BE. Miller. | COPEPODA. 
rigaudi Richard. Paradiaptomus africanus Daday. 
—— dubia Richard, Metadiaptomus aethiopicus Daday. 
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Diaptomus newmanni C. van Douwe. Cyprinotus fossulatus Vavra. 
banforanus Kiefer. | Acocypris hyalina Lowndes. 


worthingtoni, sp. n. | Stenocypris curvirami Lowndes. 
Cyclops albidus Jurine. icosacanthus Lowndes. 


leuckarti Claus. platybasis Lowndes. 


—— hyalinus Rehberg. _ Zonocypris cordata Sars. 
gibsoni Brady. Oncocypris worthingtoni, sp. n. 
| Cypridopsis newtoni Brady & Robertson. 
OsTRACODA, _ Cypretta tenuicaudata Vavra. 
Cypris connica, sp. n. | Cypridopsella worthingtoni, sp. n. 
Heierocypris obliquus, sp. n. Centrocypris horrida Vavra. 


Thus the number of species recorded was 38, and this number was made up 
as follows :— 


Cladocera 16 species, of which none are indigenous to East or Central Africa, 
while 8 of the species are well known within the British Isles. 

Copepoda 9 species, consisting of 5 species of Calanoida and 4 Cyclopida. 
The Calanoida are all confined to East or Central Africa, while of the 4 species 
of Cyclops three are well known within the British Isles, while one, Cyclops 
gibsoni Brady, is African, its range extending to South Africa. 

Ostracoda 13 species, one of which only, Cypridopsis newtoni, has been recorded 
so far outside Africa. 

Altogether 5 new species were recorded, consisting of 1 Calanoid and 
4 Ostracods. 

To the table given on p. 4 the following should be added :— 


iATRay INV Geb aoanoadousoobocads dacomeod Ceriodaphnia rigaudi. 
Moina dubia. 
Cyclops leuckartt. 
Ic RACER 58 cdo oo 5 Glu uIbo ict 5-0 OiDIADI odio Ceriodaphnia rigaudi. 
Moina dubia. 
Cyclops hyalinus. 


nica: Ge PNRTHEY NEON 5 A oanode doo moO eUoo noo OnS Cyclops leuckartt. 
Bmp IX Eeogosocgucddeuacgor ee our oO OK Chydorus sphaericus. 
*Laxe Kicere: Fort Portal, Uganda............ Oncocypris worthingtont. 

ORATER LAKE: 2 miles west of L. Naivasha ..... Paradiaptomus africanus. 


GENERAL NoTES ON THE SPECIES. 

Daphnia pulex.—This species occurred in Lake Bunyoni only. The form 
was without any sort of helmet or crest, and. was identical with the common 
British or European species. 

Daphnia longispina and Daphnia galeata.—Whether these two forms constitute 
two distinct species or one species and one variety, is of course a vexed problem, 


* Samples collected by G. L. R. Hancock. 
|* 
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TABLE SHOWING DISTRIBUTION OF SPECIES. 


S aan ieee = | 
| A Bt te 
| 4)$/2/3]¢8) 8 
| B | oR oe le 5 ane mame 
oe ers =I ue) Oo | 
| lao ai | & oy 8 a 
| be ay ed a 
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Diaphanosoma exciswm ..++.+.0005 dete pes Xx : J ss 
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| Daphnia puller 3.220 eevee cles A eelll Sees <=) ong. eas Xx | 
LONGISPINGA Ware Joletele lees er eters Cae er ao i os oe | 
Galeton Se cies 7s aos eee Niue ame | Mee ae ec: a yes 
Simosa vetuloides ...........+..-- Li sss ae lame A |i weate a ek 
Ceriodaphnia reticulata .........+. yoiwas et et eX A IS 
UTE! Chonnam Oatowoc | Pan | 
PUIGUML TINE ek ieee tee x x x | Kony 
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COTNULG ..... a elileleietisiteteleln) stale te 8] “ES AA x x Se || 
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WOTLNANGLONE ors alc seis) e's « ievece een ln Grae na ee Pee IIo Pss +s 
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UOSACANTNUS os .00s00008 Ae es oe x 
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and I do not propose to enter into it here. Practically all forms occur abundantly 
in the Cambridge area, and the problem is one that can only be solved by careful 
series of breeding experiments. In Lake Naivasha the helmeted form, which 
I have recorded as D. galeata occurs abundantly, together with the non- 
helmeted form. 

In one sample representing the stomach contents of a fish, Tilapia nigra, 
caught among water-weeds near the east of the lake, large quantities of Daphnia 
were present, but these were of the non-helmeted from only. No species of 
Daphnia is recorded from Lake Naivasha by Miss Jenkin, which is rather 


surprising. 
PARADIAPTOMUS Sars, 1895. 


Gurney in his recent Ray Society Monograph has discussed fully both the 
classification of Calanoida in general and also the subdivision of the Diaptomidae, 
and I have no hesitation in following him. More recently Kiefer (1932) has 
made an independent classification of the Diaptomidae, and, although Gurney’s 
work is referred to in the bibliography, it seems to have been entirely dis- 
regarded in the actual context. There is, I believe, a further reason for follow- 
ing Gurney’s classification, since he places a considerable amount of weight 
on the structure of maxillipedes. In 1925 Storch and Pfisterer put forward 
their well-known filter-feeding theory for Diaptomus gracilis, and it seems to 
have been assumed generally that the Calanoida are in general filter-feeders, 
the animals feeding automatically as they swim through the water and filtering 
out the minute microscopic organisms. On this theory they show no marked 
power of food selection. 

In a recent paper (Lowndes, 1935) I have described the feeding of nine 
species of Calanoids, both marine and freshwater, and have come to quite 
a different conclusion. I have, I believe, given direct evidence that in most 
cases, if not in all, the feeding is highly selective, while both the maxillae and 
maxillipedes are prehensile organs and their filtratory action is secondary. 
One has only to examine the maxillipedes of Paradiaptomus africanus (fig. 1, E) 
and see how they differ from those of Diapiomus gracilis to realise that the 
feeding is hardly likely to be the same, and it must surely be conceded that 
one has here a logical basis for generic or subgeneric separation. 

Gurney’s diagnosis of the genus Paradiaptomus is as follows :—‘ Female 
abdomen of 2 somites (3 in P. greeni); furcal rami of male more or less 
asymmetrical ; prehensile antennule with finger or hook-like process on last 
segment; exopod of antenna sometimes shorter than endopod ; maxillipede 
with 2 terminal segments reduced, the whole appendage very stout ; leg 1 with 
two outer spines on exopod 3; leg 2 without cuticular lobe; leg 5 of female 
with exopod 3 reduced to a movable spine; leg 5 of male much modified 


in adult.’ 
Typn, P. faleifer (Lovén). 
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PARADIAPTOMUS AFRICANUS Daday. 


Diaptomus africanus Daday, 1910. 
Paradiaptomus biramata Lowndes, 1930. 


Description of adult female. 

Length 3-1-3-4 mm. 

The body is not particularly elongated or slender, the greatest width being 
about one-third the length and occurring about the middle. 

The cephalic segment is somewhat pointed in front, while at the posterior 
end the body tapers slightly. 

The last two segments are fused and the distal extremities of the last segment 
show some asymmetry. The left corner is more extended than the right and 
possesses three rounded stumps of spines, while the other corner bears two 
stumps only, and these are even less spine-like (fig. 1, A). There are no rostral 
projections. 

The tail consists of two segments only, of which the first, the genital segment, 
is rather longer than the next. The genital segment is also dilated in front 
and shows a rounded bulge on the right side, with a much more pointed bulge 
on the left. The genital segment bears a spine on either side, but these are 
not conspicuous in preserved specimens (fig. 1, A). 

The caudal rami are slightly longer than broad and are practically sym- 
metrical. Their inner edges are covered with hairs, while the caudal setae 
are of normal appearance, though rather stout and densely plumose. On the 
dorsal surface of both the anal segment and the caudal rami there are some 
small spines, reminding one of the spines in the males, but in the female specimens 
they are much less conspicuous. The antennules are made up of 25 segments, 
and bear several long setae. The integument of these setae has a mottled or 
scaly appearance, as shown in the diagram (fig. 1, B, B’, & B”). None of the 
setae are plumose, however. 

The antennae possess the same structure as those of the type-species. The 
mandibles are powerfully developed. Their structure is shown in the diagram 
(fig. 1, C). 

The maxillules are of a normal but complicated structure. The spines on 
the pre-coxa are stout and plumose. The coxa bears six long and three shorter 
setae, which are not plumose. The exopodite bears seven plumose setae, 
while the endopodite consists of two segments (fig. 1, D). 

The maxillae are strongly built, and their structure is almost identical with 
that of the type-species, except that the limb is if anything stouter. All the 
lobes are armed with strong curved spines in addition to the setae. There can 
hardly be any question that the limb is prehensile, and it is difficult to see how 
it could play the part of a filter for small particles. 

The structure of the maxillipedes is shown in the diagram (fig. 1, E). Sars, 
in describing those of the type-species, states that ‘ The posterior maxillipedes 
are highly distinguished by their extraordinarily strong development, being 
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almost three times as long as the anterior ones, and constituting very powerful 
preying organs’. In the present species they are rather more slender, but there 
can be no question of their being anything but prehensile organs. 

The structure of the first swimming foot is shown in the diagram (fig. 1, F). 
There is no spine on the outer edge of the second joint of the outer ramus, 
but there are two on the outer edge of the terminal joint. 

The fifth foot is quite different from that of the type-species. The outer ramus 
consists of three segments. The first is without spines or setae, while the 
second segment bears an inner serrated claw and an outer spine. The third 
segment ends in two unequal spines (fig. 2, A). The inner ramus consists 
of two segments and is somewhat shorter than the first segment of the outer 
ramus. It is lobed at the tip and bears two longer spines and several others 
which are much smaller. 


Description of adult male. 

Length is a little less than that of the female. 

The body is rather more elongated with the last two segments partly fused. 
The outer corners of the last segment are less extended than in the female. The 
right corner is more angular than the left one and bears two small but 
well-defined spines. The left corner also bears two spines, but these are almost 
minute. 

The tail consists of five somites. The first is rather asymmetrical and extends 
slightly more to the right than to the left, and its inner corner bears a small 
spine. 

On the sides and on the dorsal surface of each of the other tail-somites is 
a small spine. 

The caudal rami are only slightly longer than broad and slightly asym- 
metrical. Each ramus bears right in the middle of its dorsal surface a spinule. 

The right antennule is, of course, strongly modified, as shown in the diagram 
(fg. 1,H & H’). The distal portion consists of three segments only, of which 


the last bears a hook-like process. 
The mouth-parts and the first four pairs of swimming feet are identical with 


those of the female. 

The fifth foot is, of course, quite different. 
basal segments, the second segment of the right foot being broader and longer 
than that of the left. The outer ramus of the right foot consists of two segments. 
The first segment is about as long as it is broad and bears no spine, but at its 
inner distal corner there is a conspicuous knob. The second segment is rather 
inflated and bears distally a finely serrated claw and a much smaller spine. 
The inner ramus consists of two segments, but it does not extend to the end of 
the first segment of the outer ramus. The second segment consists of a curious 
knob-like process. 

The left foot is also biramous. The inner ramus consists of a single segment 
ending in two small spines. The outer ramus consists of three segments, 


There are two well-defined 


Fic. 1.—Paradiaptomus africanus Daday. 


A. Last cephalic segment and abdomen of female. Seen dorsally. 

B & B’. Antennule. Female. 

B". Integument of setae under high power, 

C. Mandible. 

D. Maxillule. P-C., pre-coxa ; ¢., coxa; b., basis; ex., exopodite ; en. 1 & 2, endopodite, 
(Setae on ea. and en. omitted.) 

E. Maxillipede. 

F. First swimming foot. 

G Second swimming foot. 

H & H’. Antennule. Male. 


tO 


Riaentnue 


Fig. 2.—Paradiaptomus africanus Daday. 


. Fifth foot, female. 
. Fifth foot, male. 


Metadiaptomus aethiopicus Daday. 


Abdomen of male. 


. Maxillipede. 
. First swimming foot. 
. Last two segments of the antennule of the male. 


Fifth foot, male. 


. Fifth foot of male seen from the under side. 
. Last two thoracic somites and abdomen, female. 


. Fifth foot, female. 


Diaptomus newmanni C. v. Douwe. 


. Maxillipede. 
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but division of the second and third is obscure. The inner edge of the first 
segment is provided with hairs and at least one marked lobed process (fig. 2, B). 
The second segment is also hairy and lobed. It bears a stout claw on its 
outer edge. The claw is provided with a number of rows of spinules throughout 
its entire length. 
The third segment consists of a small knob bearing a spine. This spine 
appears to be very much reduced in some specimens. 


Occurrence. 


A large number of specimens occurred in a sample taken from a crater- 
lake near Lake Naivasha. No other species of entomostracan occurred in 
the sample. Mr. L. C. Beadle (1932) investigated the nature of the water of 
this lake and has recorded its alkalinity and pH value, &c. The alkalinity 
is very high, and it is evident that the nature of the water differs widely from 
that of the typical freshwater pond. Mr. Beadle recorded that the zooplankton 
consisted of a large number of Diaptomus ; no other organisms were found. 


Remarks. 


In a recent publication Kiefer (1932) has pomted out that Paradiaptomus 
biramata Lowndes is really the same species as Diaptomus africanus Daday. 
In my original description I illustrated the species chiefly by photomicrographs, 
and at a first glance it seems difficult to believe that my photographs and 
Daday’s drawings of such features as the caudal rami, in both sexes, are repre- 
sentatives of the same thing, but in spite of this I consider that Kiefer was 
right and my species should be withdrawn. This raises another interesting 
point, for Daday records the species from several stations in what was then 
German East Africa, including Lake Nyasa, where the water is perfectly 
fresh and the species occurs in association with such well-established freshwater 
species of Entomostraca as Cyclops prasinus, Cyclops macrurus, Chydorus 
sphaericus, and Bosmina longirostris, &c., while Daday records it from Rikwa- 
See in the same district, where it occurs in association with Cyclops macrurus, 
C. prasinus, C. Leuckarti, and C. hyalinus, together with several well-established 
species of freshwater Cladocera. In Abyssinia it occurred in large quantities 
in Hora Keloli, which is a small crater-lake with the following remarkable 
chemical composition :— 


Parts per 100,000. 


Suspended matter ...........s0.0.- 65 
Soluble matters Sc. s samc eee 676 
Chlorine: big .tees0s ee enee ee eee 54 
Calotum a. ess a0. s eruntete tone 1:8 
Magnesium 2.225... -2 meee 3-0 
Sodium © 0s ces sac ee he eee 205 
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The only other species of entomostracan occurring in Hora Keloli were 
Cyclops gibsoni and Cyprinotus rostrata. 

So far, then, the ecologist has the following problem before him. A large 
distinctive, if not abnormal, species indigenous to East Africa and Abyssinia, 
capable of living in perfectly freshwater areas associated with well-known 
freshwater species of Entomostraca, or equally capable of living in small strongly 
alkaline crater-lakes, where it is almost the only entomostracan occupant. 


METADIAPTOMUS Methuen, 1910. 

Gurney’s diagnosis of the genus Metadiaptomus is as follows :—‘ Female 
abdomen of 3 somites (4 in M. chevreuai) ; furcal rami of male generally more 
or less asymmetrical ; prehensile antennule with finger or hook-like process 
on last segment ; exopod of antenna longer than endopod ; maxillipede as in 
Diapiomus ; leg 1 with 2 outer spines on exopod 3; leg 2 with or without 
cuticular lobe ; leg 5 as in Paradiaptomus.’ 

Typn, M. transvaalensis Methuen. 


METADIAPTOMUS AETHIOPICUS Daday. 
Description of adult female. 

Length 1-24 mm. 

The body is elongated, the length of the thorax being 0-84 mm. with a greatest 
width of 0:32 mm. The fifth thoracic somite is not distinctly separated nor 
is it expanded laterally. It is symmetrical as shown in the diagram (fig. 2, H). 

The abdomen consists of three somites. The genital somite is considerably 
longer than the second and third somites combined. It is very little expanded 
at its base and practically symmetrical. 

The caudal rami are symmetrical. The antennules do not reach beyond 
the base of the caudal rami. 

Fifth foot—There is no conspicuous spine on the basal segment. The 
endopodite consists of one segment only, and it is slightly shorter than the 
first segment of the exopodite. Terminally it bears two long setae and one much 
shorter and smaller one. 

The first segment of the exopodite is elongated. The second segment bears 
a strong claw carrying a number of very coarse teeth. There is also one 
conspicuous tooth at the base of the claw, and a well-developed spine on 
the outer corner of this segment (fig. 2, K). The third segment is well defined 
and bears a single stout spine. 

The terminal segment of the outer ramus of the first foot bears two spines 
on its outer edge. The terminal spine on the same segment is replaced by a 


seta (fig. 2, E). 
Adult male. 


Length 1-0 mm. 
The abdomen consists of five somites, the last two being slightly asymmetrical, 


as shown in the diagram (fig. 2, C). 
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The right antennule is modified in the usual manner and consists of 21 
segments. The last segment ends in what might be called a terminal hook 
(fig. 2, F). 

Fifth foot (fig. 2, G)—The coxa is extended to form a blunt process on the 
right inner corner. The basis of the right foot is short and dilated on its inner 
edge forming a cushion-like structure beset with numerous spinules. The 
first segment of the exopodite is rather short and bears on its inner corner 
a conspicuous finger-like process which apparently acts in apposition with the 
endopodite. 

The second segment of the exopodite is long and slender, bearing a stout 
terminal claw and also a short spine on its outer corner. 

The endopodite consists of a single segment, but bears terminally a cushion- 
shaped process. 

The basis of the left foot is short, while the adjoining somite is much modified, 
as shown in the diagram (fig. 2, G’). 


Remarks. 

I think there can be no doubt that the specimens observed and described 
belong to the species described by Daday, though they differ in several points. 
Thus Daday describes somite 5 of the female as being asymmetrical. His 
figure of leg 5 of the female is also rather different, but the structure of leg 5 
of the male is so characteristic that there can be little real doubt. 


Occurrence. 


Numerous specimens occurred in samples from Lake Bunyoni, but up to 
the present the species has been recorded from East Africa only, 


Diartomus Westwood. 


Gurney’s diagnosis of the genus Diaptomus is as follows :—‘ Female abdomen 
of 3 somites (occasionally of 2); furcal rami generally symmetrical in both 
sexes. KExopod of antenna longer than endopod; maxillipede slender, the 
5 terminal segments well developed ; exopod of leg 1 with one outer spine 
on seg. 3; leg 2 with cuticular lobe on posterior face of endopod 2; leg 5 
of female usually with seg. 3 of exopod well defined.’ 

Typn, D. castor (Jurine). 


DIAPTOMUS NEWMANNI C., v. Douwe. 

This species has been fully described and figured by van Douwe, with the 
exception of the maxilla and maxillipede and the first swimming foot. The 
exopodite of the antenna is much longer than the endopodite. The maxilla 
is typical and hardly requires illustrating. It is quite short, but the setae 
are long and fine. 

The sympod of the maxillipede consists of three clearly defined somites 
while the endopod consists of at least 5 distinct somites including the teen 
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one, which indicates a partial separation into two (fig. 2, L). The endopodite 
is short, and there is no suspicion of any of its setae being replaced by claws. 

The terminal segment of the exopodite of the first swimming foot bears one 
spine only, while the second segment bears none. 

So far the species has not been recorded except from East Africa. Numerous 
specimens occurred in the samples from Lake Baringo, while I had previously 
recorded it from Lake Naivasha, though it did not occur among the samples 
collected from that lake during the present expedition. 


DIAPTOMUS BANFORANUS Kiefer. 
Syn. Trophodiaptomus banforanus Kiefer. 


The species was originally described (without illustrations) by Kiefer 
from West Africa. It belongs to the orientalis group and is closely allied to 
D. kraepelini Poppe & Mrazek, but it differs in the following points :— 

The last cephalothoracic somite is practically symmetrical in both sexes. 
The species is smaller, the length of the adult female being 1-2, while that of 
the male is 1-1 mm. 

The structure of the fifth foot in both male and female is rather different, 
as shown in the diagrams (fig. 4, E, EK’, G, G’). 

The endopod of the maxillipede consists of six somites in the present species, 
while there are only five in D. kraepelini. The setae on the maxillipede are 
short (fig. 4, D). 

Numerous specimens of both sexes occurred in samples from Lake Naivasha 
and Lake George. 


DIAPTOMUS WORTHINGTONI, sp. n. 
Adult female. 

Length 2-3-2-4 mm. 

Seen dorsally the cephalothorax is elongated. The last somite is hardly 
at all expanded and is not separated from the preceding somite. It is practically 
symmetrical with a small spine at each corner. The abdomen consists of two 
somites only. The genital somite is stout and almost as broad as it is long. 
It is also practically symmetrical, and rather longer than the anal somite with 
the caudal rami (fig. 3, A). 

Seen laterally the rostrum is quite short. The large genital somite appears 
to be divided (fig. 3, B & C). 

The antennules reach to the tips of the caudal rami. The maxillipedes 
are of normal structure with an endopod of five somites. The endopod is 
considerably shorter than the sympod (fig. 3, D), 

Fifth foot (fig. 3, F, F’, F’)—The coxa bears the usual stout spine. The 
basis is typical in structure and bears a fine seta on its outer edge. ‘The endo- 
podite is single-jointed and is as long as the first segment of the exopodite. 
Terminally it carries two rather unequal spines, which are both slightly bent. 
At the base of the larger spine there are two spinules and a ring of hairs, 


Fia. 3.—Diaptomus worthingtoni, sp. n. 
A. Last thoracic somite and abdomen of female. 
B. Rostrum of female. 
C. Side-view of last thoracic somite and abdomen, female. 
D. Maxillipede. 
E. First swimming foot. 
F. Fifth foot. Female. 
EF’. Tip of endopodite. 
F”. Tip of exopodite. 
G. Abdomen of male. 
H. Fifth foot, male. 
H’. Tip of left fifth foot of male, enlarged, 
K. Right antennule, male, 
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_ The first somite of the exopodite is stout and nearly as long as it is broad. 
The claw on the second exopodite is stout and curved and appears free from 
teeth except under the higher powers of the microscope. The third somite 
of the exopodite is not separated from the second. It bears one short and 
fine spine and one much longer one. The longer is not quite as long as the claw 
of the second exopodite (fig. 3, F”). 

The first swimming foot is of normal structure, bearing a single spine on the 
outer edge of the third segment of the outer ramus (fig. 3, E). 


Adult male. 

Length 2:3 mm. 

The body is elongated with the last cephalic somite slightly asymmetrical. 
The first somite of the abdomen is distinctly asymmetrical, while the fourth 
somite is bent towards the right. The right antennule is modified in the usual 
way with curved spines on segments 10, 11, 13, and 15, none of which are 
unusually large. There is a hooked process on the last segment but two 
(fig. 3, K). 

Fifth foot (fig. 3, H).—There is a stout spine on both the right and left coxa. 

Right foot —The basis is stout and bears a very coarse spine at its inner basal 
corner. The endopodite is represented by a rounded stump not separated 
from the basis. Segment 1 of the exopodite is quite short, while so is segment 2. 
The spine on its outer edge is longer than the segment itself, and it is smooth. 
The claw is bent and only very finely serrated. 

Left foot—This does not reach beyond the tip of the first endopod somite 
of the right foot. The basis is stout. The endopodite is not clearly separated 
off. It consists of a stump crowned by a ring of spinules. The exopodite 
clearly consists of two segments. On the inner edge there is a membranous 
flap with a serrated edge. There are also two lobes each bearing a finger-like 
process bearing spinules (fig. 3, H’). 

Colour.—The antennules and caudal rami in both sexes are of a conspicuous 
dark blue, even in the preserved specimens. The blue colour disappears 
entirely when the animal is boiled in dilute potash. 

In general appearance and also in colour the species is clearly related to 
Diaptomus orientalis, and it is to be described as one of the orientalis group. 

Numerous specimens of both sexes occurred in samples from Lake George. 


CYCLOPS LEUCKARTI Claus. 

Gurney in his preface to vol. iii. of his Ray Society Monograph makes the 
following statement: ‘It seems, broadly speaking, that there are relatively 
few ‘“‘ major species ” of Cyclops, most of which are found in Europe, and that 
round each can be gathered satellites, which one can designate as species only 
at the peril of losing grasp of reality’, and no better illustration of this could 
be found than in the present species. The species is almost unique and is 
certainly distinct from any closely related species by one rather remarkable 
characteristic, the absence of a spine or seta on the inner corner of the basis 
of the first swimming foot. During the working out of this collection special 
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attention was paid to this point, since it seems to give a very clear limitation 
to this particular species. 

Quite recently I had an opportunity of looking through a very large collection 
from Brazil, and, since I was concerned with the genus Cyclops alone, I had 
every opportunity of paying close attention to the point in question. The 
leuckarti group was very largely represented, but a critical examination con- 
vinced me that while Cyclops leuckarti occurs throughout Africa, it is absent 
from Brazil and also Paraguay, and I very much doubt if this species has ever 
been recorded from South America. It is most unfortunate that the absence 
of this particular spine has escaped the notice of nearly all taxonomists working 
on the group, and hence numerous records of the species have been given for 
South America. Gurney, with due regard to the absence of this spine, has 
recorded the species from many parts of the world, while I have recorded it 
from Abyssinia and the New Hebrides. Gurney regards the species as cosmo- 
politan, with the possible exception of South America. Numerous specimens 
occurred at all the stations except Lake Kachira. 


CycLOPs HYALINUS Rehberg. 


Gurney regards Cyclops hyalinus Rehberg and Cyclops (Mesocyclops) crassus 
Sars and also Cyclops oithonoides Sars as one and the same species. If this is so, 
one must include Cyclops neglectus Sars and also Cyclops (Thermocyclops) 
infrequens Kiefer under the same name. Personally I should always have 
regarded Mesocyclops crassus Sars as a perfectly good species. Gurney has, 
however, gone into the matter fully, and, in the absence of breeding experiments, 
T follow him. In my preliminary investigation of the material of this collection 
I separated these species and recorded the three following : Cyclops neglectus 
Sars, Cyclops crassus (Fischer), and Cyclops infrequens Kiefer. However, all 
three forms occur so frequently in one and the same sample taken from the 
same station that it seems that the separation is of no ecological importance 
at any rate. In this case Cyclops hyalinus is recorded from all stations and is 
the most abundant species of Copepod present. 


CYCLOPS GIBSONI Brady. 


Syn. Cyclops nubicus Chappuis, Rev. Suis. Zool. t. 29, 1922. 
Cyclops longistylis Brady, Ann. Trop. Med. vol. iv, 1910, p. 242. 
Afrocyclops gibsoni Sars, Ann. South African Museum, 1926, part iii, 
Copepoda. 
Leptocyclops gibsoni Lowndes, Proc. Zool. Soc. 1930, no. xi. p. 171. 
Eucyclops gibsoni Kiefer, Das Tierreich, 2. Cyclopoida Gnathostoma, Berlin, 


1929. 

I recorded this interesting species from Abyssinia, where it occurred in 
association with Paradiaptomus africanus from Hora Keloli. It would be 
interesting if the two had still been associated in the present collection, but 
apparently this is not so. 


The species occurred in small quantities in the one station only, Lake Edward, 
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Cypris O. Fr. Miller, 1776. 
CYPRIS CONNICA, sp. n. 
Female. 


Length 2 mm., breadth 1-8 mm., height 1-2 mm. 

Seen dorsally, the animal has a somewhat characteristic appearance. The 
outer edges of the valves are rounded, but rather sharply pointed in front. 
At the posterior end the valves bear some conspicuous spines, of which the 
two largest are placed symmetrically as shown in the figure (fig. 4, H). The 
lateral edges are greatly extended, but there is no suggestion of a separate 
flange or rim. The valves are practically symmetrical. The surface of the 
valves is practically smooth, but covered all over with short hairs. 

Seen from the anterior or posterior end, the outline is conical in appearance 
(fig. 4, K). 

Seen from the inside, the valves are not very dissimilar, except that the 
anterior flange on the right valve is broader than that of the left (fig. 4, L & M). 
Neither end of either valve is denticulate. 

Appendages. 

On examining these separately and comparing them with Sars’s figures for 
Cypris pubera O. Fr. Miller, I am unable to find any essential differences. 

The species is closely related to Cypris inflata Daday or Cypris (Eurycypris) 
neumannit G. W. Miiller, but differs from both in the proportions of height 
to length, &c. 

Several specimens (female only) occurred in samples from Lake George. 


HETEROCYPRIS Claus, 1892. 

HETEROCYRPIS OBLIQUUS, Sp. n. 

Female. 

Length 1-5 mm., height 0-90 mm., breadth 0-88 mm. 

Seen dorsally the anterior end appears bluntly pointed. The left valve 
overlaps the right to a marked degree, bending the setae of the antennules to 
the right almost at right angles. The dorsal suture is practically straight, 
and at the posterior end the valves are symmetrical. The position of greatest 
breadth lies rather towards the posterior end (fig. 4, O). Seen from the ventral 
side there is a decided flattening of that surface. 

Seen laterally the upper margins of the vales appear evenly rounded, the 
position of greatest height being in the centre (fig. 5, A). Seen from the anterior 
or posterior end the valves appear at once to be asymmetrically arranged. 
The left valve is at a lower plane than the right (fig. 4, P). 

The inner duplicatures of both valves are quite narrow. The left valve 
bears a rather conspicuous hyaline margin, without tubercles, while the edge 
of the right valve bears conspicuous tubercles (fig. 4, Q) at both ends. These 
are less conspicuous towards the middle of the ventral edge, but they are none 
the less there. 
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Fia. 4.—Diaptomus banforanus Kiefer. 
. Last thoracic somite of female. 
. Last two thoracic somites of male. 
1, Last two abdominal somites and caudal rami of male. 
- Maxillipede. 
. Fifth foot of female. 
. Another view of the same appendage. 
. Right antennule of male. 
. Fifth foct of male. 


- Another view of the right foot of the same appendage. 


rm: 
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EXPLANATION OF Fig. 4 (cont.). 
Cypris connica, sp. n. 
. Dorsal view. 
. Anterior view. 
Right valve, seen from the inside. 
. Left valve, seen from the inside. 


SCAR 


Heterocypris obliquus, sp. n. 
. Female. Dorsal view. 
. Anterior view. 7, right valve; J, loft valve. 
. Edge of the right valve at tho posterior corner. 
. Antenna. 
Caudal rami. 
. Caudal rami, showing variation. 


RAHOWO 


Appendages. 

The antennules are of normal structure, but the antennae are peculiar in 
that the claws on the last two segments are exceptionally long, being at least 
twice the combined length of the two segments themselves (fig. 4, R). 

The other appendages are of normal structure, except for the caudal rami. 
These are elongated and bent somewhat. The dorsal edge is very finely 
serrated. The claws are long, the longer being more than half the length of 
the ramus. They are finely serrated and the longer claw is expanded at its 
mid-point (fig. 4, S). A curious variation is prevalent in this species. It 
takes the form of a spinous process on the ventral edge of the rami, and it 
occurs in addition to the normal claws and setae. The first three specimens 
dissected all showed this variation, which appeared symmetrically on both 


rami (fig. 4, 8’). 


Male. 

In general appearance and shape of the valves, the two sexes are alike 
except in size. The males are smaller, the length not exceeding 1-25 mm. with 
a height of 0-75 mm. 

In the limbs the usual modifications occur. The prehensile palps of the 
maxillipedes are markedly dissimilar. The propodus of the left palp is crowned 
with a number of rounded processes (fig. 5, C). The shape of the right palp 
is shown in fig. 5, D. 

The ejaculatory tubes consist of a large number of whorls and are elongated. 

The oblique nature of the valves distinguished this species from any other in 
the genus. Several specimens of either sex occurred in samples from Lake 


George. 


CYPRINOTUS FOSSULATUS Vavra. 

This is a well-known East African species first described by Vavra from 
Zanzibar. It has also been recorded by Daday from German East Africa, 
and requires no further description here. Several specimens of both sexes 


were obtained from Lake George. Y 
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Acocypris Vavra, 1894. 

The genus was first described by Vavra from Zanzibar, and it has been 
recognised by all subsequent authors. 

According to Vavra the genus is closely related to the genus Stenocypris 
G. O. Sars, but is at once distinguished by the structure of the caudal rami. 
In both genera the dorsal seta is missing, but while in Stenocypris the rami 
are always asymmetrical, in Acocypris they are always symmetrical. 

Up to the present there are only two species recognised: A. capillata Vavra, 
which occurs in East Africa, Zanzibar, and Madagascar, while the second 
species, A. hyalina Lowndes, was first described from Abyssinia, but has since 
been recorded from the Rift Valley Lakes of Kenya by Klie. 

A third species, A. wegitia Masi has also been recorded from Italian Somaliland, 
but the species should be removed to the genus Stenocypris. 


ACOCYPRIS HYALINA Lowndes. 

The species has been described and figured in ‘A small Collection of Ento- 
mostraca from Uganda, collected by Mr. G. L. R. Hancock (Lowndes, 1931) ’, 
while it has also been recorded and further described by Klie (1929) from the 
Rift Valley Lakes of Kenya. A few specimens occurred in a sample from 
Lake Bunyoni. 


STENOOYPRIS G. O. Sars, 1889. 


The genus was established by G. O. Sars in 1889 to comprise an Ostracod 
(S. malcolmsoni) raised by him from dried Australian mud, and previously 
recorded by Baird, and also by Brady, from India. In recent times a number 
of species have been added, but it is very doubtful whether they all belong to 
the same genus. According to Sars the chief generic characteristic is the 
marked asymmetrical nature of the caudal rami coupled with the absence of the 
dorsal seta. 

The caudal rami also bear numerous teeth along their dorsal edge. These 
teeth may be very long or quite short and fine, usually divided into a number 
of groups. 

The second antenna may or may not bear long swimming-setae, but, so 
far as is known, no species is able to swim or to support itself in any way. 

The shape and general appearance of the valves are very varied, but typically 
the animals are elongated with the height less than half the length. 

In its shape the genus approaches the well-known genus Herpetocypris Brady & 
Norman, and agrees with it in the presence or absence of long swimming- 
setae on the second antennae coupled with a general inability to swim. More- 
over, the latter genus shows a marked tendency to produce asymmetrical 
caudal rami, but the asymmetry is quite different in the two genera, and in 
Herpetocypris the dorsal seta is never absent. P 


STENOCYPKIS CURVIRAMI Lowndes. 


A few specimens were obtained from samples from Lake Bunyoni. Pre- 
viously the species had been recorded from Abyssinia only. 
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STENOCYPRIS ICOSACANTHUS Lowndes. 


Several specimens of this large species were recorded from Lake Bunyoni. 
Previously the species had been recorded from Uganda. 

Stenocyrpis fascigera G. O. Sars, recorded from South-West Africa, closely 
approaches the present species, but there is considerable difference in the shape 
of the valves, and I think there is little doubt that the two are distinct species. 


STENOCYPRIS PLATYBASIS Lowndes. 


A few specimens of this species were obtained from Lake Naivasha. It was 
first recorded from Abyssinia (Lowndes, 1932). 


ZONOCYPRIS G. W. Miiller, 1898. 


Generic characters.—Shell with a peculiar sculpture. The right valve bears 
along its inner edge a row of tubercles, both at the posterior and anterior end. 
These tubercles may be right at the edge or close to it. 

The antennae are short and stout, the penultimate segment has two very 
strong, short, and thick claws, one of which is toothed, while the other is not. 
This last segment bears very fine claws and setae. In the male the penultimate 
segment bears two very long and fine claws. 

The first masticatory process of the maxilla with two spines bearing teeth. 
The last segment of the second foot bears a hook-like process. Furca rudi- 
mentary, lash-shaped, with or without a small bristle on the hinder dorsal edge. 
Usually small forms, not more than 0-75 mm. long. 

The genus was established by G. W. Miiller in 1898 to include two species 
from Madagascar—Z. madagascarensis and Z. elegans. In the same paper 
Miiller (1898) transferred a species named by Vavra (1897) Cypridopsis costata 
to this genus, thus making three species. Then Sars (1910) in describing 
the Ostracoda from Tanganyika amalgamated Zonocypris costata Vavra with 
Z. madagascarensis Miiller, and described a new and, therefore, a third species, 
Z. laevis. 

Miiller in Ostracoda in ‘ Das Tierreich ’, 1912, makes no reference to Sars’s 
Tanganyika paper, and still treats Z. madagascarensis and Z. costata as separate 
species. 

Klie, in 1933, in describing the Ostracods of the Rift Valley Lakes of 
Kenya, collected by Miss P. M. Jenkin, reviewed the matter carefully, and after 
examining a very large number of specimens came to the conclusion that Sars’s 
amalgamation of the two species Z. costata and Z. madagascarensis was correct. 

Miiller, in 1908, added another species from South Africa to the genus, 
Z. tuberosa, and in 1924 Sars again recorded this species from the Cape Province. 
In the same paper Sars added another species, Z. cordata to the genus. 

In 1932 (‘ Ostracoda from Abyssinia’, Lowndes, 1932) I pomted out that 
Daday’s species Oncocypris costata must be referred to the present genus, and, 
since the specific name of costata was already occupied, [renamed it Zonocypris 
dadayt. 


bo 
bo 
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Finally, Klie (1935) named another species Zonocypris laevigata from French 
West Africa. 

The genus then consists of the seven following species, all of which are 
confined to Southern and Tropical Africa and Madagascar :— 


Zonocypris cordata G. O. Sars. Cape Province. 

costata Vavra. (Syn. Zonocypris madagascarensis G. W. Miller.) 
Madagascar and East Africa. 

dadayi Daday. (Syn. Oncocypris costata Daday.) German East Africa. 

elegans G. W. Miiller. Madagascar. 

laevigata Klie. French West Africa. 

laevis G. O. Sars. Cape Province. 

— tuberosa G. W. Miller. South Africa. 


ZONOCYPRIS CORDATA Sars. 

The species has been fully described and illustrated by Sars (1924), and 
requires no further description here. A few specimens were obtained from 
Lake Naivasha. 


Oncocypris G. W. Miller, 1898. 


Generic characteristics—Shell more or less globular, but extended in front 
into a keel or rostrum. The valves are asymmetrical and bent over to the right. 
Both the width and height exceed two-thirds of the length in each of the two 
sexes. Hye double. Shell covered all over with pimples and depressions. 
Edges of the valves strongly marginate and of a rather characteristic structure. 

Swimming-setae of the second antenna are well developed. 

First masticatory process of the maxilla with at least four toothed spines. 
Vibratory plate of the maxilliped quite rudimentary. It may be absent 
altogether or replaced by two setae. Last joint of the second foot quite short 
and bearing two unequal setae and one spine, but no hooked process. Furca 
rudimentary. Kjaculatory duct of the male with about 16 to 20 whorls of 
spines. 

Remarks.—l have recently discussed this genus fully (Lowndes, 1932), 
and | have nothing further to add. 


ONCOCYPRIS WORTHINGTONI, sp. n. 
Female. 
Length 0-64 mm., width 0-62 mm., height 0-44 mm. 
Seen laterally the dorsal margin appears evenly rounded. The greatest 
height is about equal to two-thirds the length, and the highest point is about 


in the centre. The ventral margin is indented, and the base of the animal is 
slightly hollowed out. 


Seen dorsally the animal has a broad triangular shape with a fairly well- 
marked angle between the lateral and posterior surfaces. The position of the 
line of greatest width occurs well towards the posterior end (fig. 5, E). 
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The anterior end is not bent towards either side, though the left valve slightly 
overlaps the right. 

Towards the posterior end the valves are symmetrical. 

The eye is double with the further extremities well separated. The dorsal 
suture is broad and irregular, since the valves are thickened at their margins. 

Towards the anterior end there is a conspicuous groove on either side of the 
eye-region. 

The integument is beset with conspicuous rounded protuberances and 
depressions, and these, again, consist of a series of much smaller protuberances, 
giving the animal a very characteristic appearance. 

The colour is rather dark and horny. 

Hairs appear to be confined to the inner margins of the valves. Seen from 
the inside the valves are very strongly marginate. The anterior edge of the 
valves bears a marked hyaline border. If the right valve is placed flat on the 
slide the hyaline border will be seen to be devoid of any tessellated structure such 
as appears in the closely related species O. omer-cooperi (fig. 5, F). 


Appendages. 

Antennules.—The terminal part consists of five segments. ‘The first is twice 
the length of the others, which are all subequal. The setae are long. 

Antennae.—The penultimate segment is clearly divided. ‘The claws of the 
last two segments are very long, and the swimming-setae reach well beyond 
their tips. 

The Mandibles are well developed, but the palp consists of three segments 
only, the second and third being united or at any rate not clearly separated. 
The second segment bears a tongue-shaped lamellar plate covered with short 
setae. 

The terminal segment is short and broad and bears terminally three stout 
spines and two setae. The lamellar process is well developed and bears four 
long plumose setae and two rather shorter ones (fig. 5, G). 

Mazxillae—The palp is not elongated, but the terminal segment is rather 
elongated and tapers distally. 

Mawillipede—The vibratory plate is absent and not represented by setae. 
The palp is definitely curved at the tip. 

First foot—This is five-segmented. The second segment is very large and 
swollen. The claw on the terminal segment is exceptionally long and curved 
(fig. 5, H). 

Second foot.—The terminal segment bears two setae and one curved spine. 
The longer of the two setae is not as long as the penultimate segment. The 
penultimate segment is subdivided and bears a spine on its inner surface 
(fig. 5, K). 

Caudal rami.—These are greatly reduced and are identical with those of 
O. omer-cooperi. They bear a long flagellum on the end of a clearly defined 


and jointed base. 
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Fic. 5.—Heterocypris obliquus, sp. n. 


- Female. Lateral view. 
- Last two segments of the second foot. 


Male. Left prehensile palp of maxillipede. 
» Right palp. 


oot 


‘ 
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EXPLANATION oF Fig 5 (cont.). 
Oncocypris worthingtoni, sp. n. 

- Female seen dorsally. 
. Anterior edge of the right valve of the female, seen from the inside. 
- Lamellar process of the mandibular palp. 
. First foot. 
. Last three segments of second foot. 
. Male seen dorsally. 
- Right prehensile palp of maxillipede, male. 
. Left palp. 
O. Anterior view of female. 
. Anterior view of female Oncocypris omer-cooperi for comparison. 


NHOZZE AHO 


Cypridopsella worthingtont, sp. n. 
. Left valve seen from the inside. 
. Right valve seen from the inside. 
Palp of maxilla. 
. Male. Left prehensile palp of maxillipede. 
. Right palp. 


GHeAO 


Male. 


The males are smaller and slightly different in shape (fig. 5, L). 

Length 0-6 mm., width 0-52 mm., height 0-42 mm. 

Seen dorsally the animals are less angular in outline, while the position 
of greatest width is rather further forward. The integument is identical with 
that of the female. All the appendages with the exception of the usual 
modification of the maxillipedes are identical with those of the female. This 
particularly includes the penultimate joint of the posterior antenna, which 
is clearly divided. 

Mazxillipedes—The prehensile palps are markedly dissimilar. They are 
distinct from those of O. voeltzkowi and O. omer-cooperi, but Daday does not 
figure them for O. miillerv. 

The propodus of the right palp (fig. 5, M) is short and stout with its distal end 
expanded. The elongated thumb-like process of O. omer-cooperi is missing. 
The dactylus is broad and dome-shaped. The propodus of the left palp 
(fig. 5, N) is much more elongated, while the dactylus is stout and thumb-like. 
The ejaculatory tubes contain 18 whorls. 


Remarks. 

The species is closely related to O. omer-cooperi, but it differs in several 
respects. It is at once distinguished if it is observed from either the anterior 
or posterior end. The present species is flattened in outline, while that of 
O. omer-cooperi is rounded (fig. 5, P). 

A large number of specimens of both sexes were obtained from Lake Rudolph, 
Lake George, and Lake Kigezi. 
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Cypripopsis Brady, 1866. 
Remarks. 

This genus was established by Brady in 1866, and was originally intended. 
to include all the Cyprids with rudimentary lash-shaped caudal rami. Later 
workers have restricted the name more and more, and it is here used in the 
restricted sense given by G. O. Sars in ‘ Crustacea of Norway ’, vol. ix, 1928. 


CYPRIDOPSIS NEWTONI Brady & Roberts, 1870. 


Syn. Candonella newtoni Vavra, 1898. 
Cypridopsis aldabrae Miller, 1898. 
Candonella albida Vavra, 1900. 
Potamocypris aldabrae Daday, 1910. 


The fullest description of the species is that given by Miiller (1898), the 
vibratory plate of the maxillipede consisting of three setae in the female and 
only two in the male. The right prehensile palp in the male consists of a short 
propodus with a heavy curved dactylar process, while the left palp consists 
of an elongated propodus and a somewhat reduced dactylar process. 

The species has been recorded from Europe, North Asia, North America, 
The Azores, Madagascar, East Africa, and Ceylon. 

A large number of specimens of both sexes occurred in sample 220 of the 
present collection. They were attached to wood from the muddy shore west 
of Lake Rudolf. 


CYPRIDOPSELLA Kaufmann, 1900. 

The generic characters of Cypridopsella have been discussed in detail by 
Sars in ‘ Crustacea of Norway ’, vol. ix, 1928. He gives the following :— 

Generic characters —Shell much compressed, more or less reniform in shape 
and densely hairy. Valves very unequal, the right overlapping the left more 
or less conspicuously along the dorsal face. Antennae well adapted for swim 
ming. Maxillae with the masticatory lobes short and stout, palp rather large, 
with the distal joint spatulate in shape, and armed at the end with coarse 
spines. Vibratory plate of maxillipeds quite rudimentary. Anterior legs 
rather slender. Caudal rami of a structure similar to that in the two preceding 
genera. Genital lobes of female provided in front with a peculiar hooked 
process. 

Remarks.—This genus was proposed in the year 1900 by Kaufmann, and as 
its type was considered Monoculus villosus of Jurine, which by most recent 
authors had been referred to the genus Cypridopsis Brady. Kaufmann, how- 
ever, included in that genus two other species which evidently are not con- 
generic, and which have been described above as members of the genus Piono- 
cypris. The present genus is in particular distinguished by the very asym- 
metrical valves and by the structure of the maxillae. From the genus Potamo- 
cypris Brady it differs essentially by the well-developed natatory setae on the 
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posterior antennae. In addition to the typical species described below, 
Cypridopsis smaragdina Vavra and Potamocypris maculata Alm are apparently 
referable to the present genus. 

Klie, 1925 and 1930, does not restrict the name Potamocypris to those species 
in which the setae of the antenna are somewhat reduced, but neither can I find 
any reference to Sars’s latest work. 

Whether the length of the swimming setae is or is not a variable characteristic 
in species referred by various authors to the genus Potamocypris is a point 
which can only be decided by means of breeding experiments. 

As the result of breeding experiments on the genus Herpetocypris, I have 
come to the conclusion that this characteristic shows no signs of variation and 
therefore I feel that Sars’s objection to extending the use of Brady’s generic 
name must be upheld. 

To the three species given by Sars for the present genus, one must add Klie’s 
species, Potamocypris hummelincki and the species described. below. 


CYPRIDOPSELLA WORTHINGTONI, sp. n. 
Female. 

Length 0-5 mm., height 0-3 mm., width 0-2 mm. 

Seen dorsally the outline is elliptical, though distinctly compressed, slightly 
pointed towards the anterior end. 

Seen laterally the valves are distinctly dissimilar. 

The right valve is higher than the left and overlaps it along the dorsal edge. 
The dorsal edge of this valve is evenly rounded with its highest point slightly 
towards the anterior end. The anterior end is considerably blunter than the 
posterior, but both ends are distinctly rounded. The ventral margin is 
flat. 

The left valve is rounded at the anterior end, but angular at the posterior. 
At both ends the valves bear a hyaline margin (fig. 5, Q & R). 

The surface of the shell is practically smooth and devoid of setae, while the 
shell itself is light in colour and somewhat transparent. The structure of the 
limbs appears to be typical. 

The setae on the antennae are well developed and reach well beyond the claws. 
The claws themselves are long. 

The maxillae bear a palp which is distinctly short and broad even for the 
genus, while the spines are also short and broad (fig. 5, 8). 

The spines on the outermost masticatory lobe are smooth, but broad. The 
vibratory plate of the maxillipedes is replaced by two fairly long setae. 
The caudal rami and the other appendages are typical. 

The males are fairly common and differ little in appearance and size from 
the females. 

The prehensile palps of the maxillipeds are rather dissimilar as shown in the 
figures (fig. 5, T & U). The ejaculatory tubes are short, but contain none 


the less about fifteen whorls. 
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Occurrence. 
The species occurred in two samples from Lake Rudolf, one sample, no. 247, 
containing nothing else. 


Diagnosis. 
The species is readily recognised by its small size and by the peculiar structure 
of the maxillary palp. 


CYPRETTA TENUICAUDATA Vavra. 


This is a well-known species and requires no further description. True, 
the genus is a very difficult one and it has received a great deal of attention 
lately (chiefly from Klie). However, since it is not a question of referring 
new species to an ill-defined genus, it is hardly thought profitable to enter into 
a long discussion and revision of the genus here. 

A few specimens were obtained from Lake George. The species was first 
described from Zanzibar by Vavra, 1895. 


CENTROCYPRIS HORRIDA Vavra. 


The genus comprises two species only and is quite well defined. The present 
species has been recorded from Zanzibar by Vavra, 1895. Several specimens, 
both male and female, were obtained from Lake George. 
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INTRODUCTION. 


In recent years a great deal of work has been carried out on the vertical 
distribution of plankton in inland waters. Most of these investigations, how- 
ever, were in temperate regions, particularly in North America (Birge and 
Juday) and in Japan (Yoshimura, Uéno, and others), while the tropics have 
been sadly neglected. In tropical Africa, van Oye (1926) studied river plankton 
in the Belgian Congo, and Worthington (1931) gave the results of quantitative 
work on Lake Victoria during 1927. Since then several workers have studied 
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tropical lakes in other parts of the world and have made valuable contributions. 
Ruttner (1931, a & b) carried out extensive hydrographic and hydro-chemical 
studies on the lakes of Java, Sumatra, and Bali, and also some quantitative 
work on the plankton. Thienemann (1931) and Woltereck (1933) also worked 
on lakes in the East Indies, and Pruthi (1932) and Sewell (1934) in India. 
The lakes of East Africa by comparison present somewhat different problems. 
They are all more or less alkaline, but, unlike most inland waters, the alkalinity 
results from sodium salts derived from volcanic rocks rather than from salts 
of calcium. The lakes considered in this paper form a series of increasing 
alkalinity from Lake Bunyoni, which is almost fresh, through Lakes Naivasha 
and Edward, to Lake Rudolf, which has so much soda as to make the water 
almost undrinkable. It is quite possible that the distribution and move- 
ments of the plankton are modified by such high concentrations of salts. 

In view of the fact that relatively so little work has been done in the tropics, 
it is considered important to put on record the data from the East African Lakes. 
Although in many cases they do not help to simplify the problems, they are 
put forward in the hope that they may eventually be of use in leading towards 
a general understanding of plankton distribution. 

Plankton was collected from many parts of the lakes examined by the 
Cambridge Expedition, but only those samples which lend themselves to 
quantitative analysis are considered in this paper. Since only rather short 
visits could be made to the various lakes, it was impossible to obtain any data 
about seasonal changes of the plankton. 

The systematics of the different groups have been completed and most of the 
results published in earlier papers in this series—the Phytoplankton by Miss Rich 
(1933), the Protozoa (Thuricola) by Professor Entz (not yet published), the 
Rotifera by Prof. de Beauchamp (1932), the Copepoda, Cladocera, and Ostracoda 
by Mr. Lowndes (1936), the Prawns by Miss Gordon (1933), and a general 
station list is given by Worthington (1932 a). 

We should like to thank these authorities for studying the collections, 
Professor J. S. Gardiner, F.R.S., for providing facilities at the Zoological 
Laboratory, Cambridge, and the Conference of East African Governors for 
making it possible for Miss Ricardo to work on the results of the expedition. 


METHODS. 
The investigations were carried out in three stages, as follows : (1) collecting 
the material, (2) counting, and (3) plotting the results. 
(1) The material was collected with Nansen type closing nets of fine and 
coarse mesh, and they were always fished vertically. The specifications for 
the nets were : 


Fine net. Coarse net. 
Internal diameter of mouth .......... 27 cm. 36 cm. 
Length of cylindrical canvas sleeve .... 34 em. 41 cm. 
Length of conical silk portion ......... 80 cm. 115 cm. 


Meshrof silk”. tees 2 80 meshes/cm. 22-5 meshes/cm. 


Millimetres 


Zz Millimetre 


Fie. ].—-Camera-lucida drawings of the most important species in the plankton of Lakes 
Rudolf, Edward, Naivasha, and Bunyoni. This figure is intended to give a 
general idea of the plankton, particularly of the relative sizes of the species, 
and is not meant for use by systematists. 

(1) Coarse net :—a. Chaoborus larvae. 
diaptomus, female and male. d. Cyclops, female and male. e, Diaphanosoma. 
f. Daphnia. g. Hyalodaphnia. h. Ceriodaphnia spp. 7%. Moina. 

(2) Fine net:—j. Nauplius. k. Rotifers (Brachionus and  Anuraea). 
1. Thuricola loricae, one with vorticellids. m. Raphidiophrys. n. Microcystis. 
0. Melosira. p. Cyclotella. gq. Surirella. r. Stawrastrum. 8s. Pediastrum. 
t. Botryococcus. u. Hormidium. v. Lyngbya. 

@ and 6 drawn to smallest scale, c-7 to middle scale, and j-v to largest scale. 


3* 


b. Caridina. ec. Diaptomus or Meta- 
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The bucket was of a cup-shaped pattern, 2-5 cm. in diameter, with a capacity 
of 5 ¢.cm., and fitted with a tap at the bottom for running out the catch. The 
coarse net was the same as that used on Lake Lucerne by Worthington (1931, 
p. 398). 

The mesh of the fine net was such that it retained practically all the phyto- 
plankton, some protozoans, rotifers, nauplii, and other young forms of Crustacea. 
The coarse net, on the other hand, let through nearly all these organisms and 
retained only the adult or nearly adult Crustacea. This means that the coarse 
net did not get blocked and so may be presumed to have fished evenly throughout 
each haul. The fact that the fine net tended to get blocked may have accentu- 
ated the difference in numbers of Crustacea that were caught by the fine and 
coarse nets at the same place and time. 

In making hauls, a heavy weight was attached to the lower end in such 
a way that the net descended rapidly, bucket first, and could not fish on its 
downward journey. The upper end, with the usual Nansen’s closing mechanism, 
was attached to a sounding wire arranged to run from a small hand winch 
over a pulley fitted with a cyclometer, so that the depth of the net could be 
read accurately in metres and decimals of a metre. In each fishing the net 
was lowered and hauled to the required depth, and then closed by sending 
a messenger down the sounding wire. This released the catch of the closing 
mechanism and throttled the net before it was hauled the rest of the way to 
the surface. The messenger was sent while the net was still being hauled 
and several quick turns of the winch were made as soon as the jerk of the release 
mechanism was felt, in order to avoid as far as possible the risk of spilling 
the catch while the net was being throttled. It was found impossible to fish 
right down to the bottom without disturbing the mud, so in each series the 
lowest haul was made to start 2 or 3 metres from the bottom. 

All the hauls were made by Worthington, with the assistance of 
Mrs. Worthington, except one at station 574 in Lake Edward which was made 
by L. C. Beadle. The speed of hauling was maintained as constant as possible 
at 5 metres in 8-5 seconds for the fine net and 5 metres in 10 seconds for the 
coarse net. Directly each haul was made the net was thoroughly washed 
down to reduce to a minimum the number of organisms adhering to the upper 
meshes, and the catch was run out through the tap of the bucket into a tube. 
The net was then rewashed and a second bucketful added to the catch, which 
was immediately fixed in 24 per cent. Formalin. 

(2) The catches were counted in the Zoology Laboratory, Cambridge, by 
Miss Ricardo in the following way. From each catch the large oreaniathe 
prawns, Chaoborus larvae and pupae, were picked out and counted individually. 
The rest of the catch, containing any number of individuals from 5.000 ie 
320,000 for the fine net and from 1,600 to 35,000 for the coarse net, Wee sub- 
mitted toa sampling method. The catch was made up to 50 c.em. ina measurin 
cylinder, and a sample was drawn off with a wide-mouthed Stempel nines 
Precautions were taken to give the organisms an even distribution in the 
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liquid by shaking, always with the same movement, and to draw off the sample 
from the centre. A 1 ¢.cm. and a 2:5 c¢.cm. pipette were used for the fine 
and coarse net hauls respectively. Two samples were taken from each catch, 
so that one-twenty-fifth of each fine net haul and one-tenth of each coarse 
net haul were counted. The total numbers used in plotting the results were 
obtained by simple multiplication. 

The sample was then transferred to a counting apparatus, specially con- 
structed on the principle of the one used by Ullyott (1936) at Wray Castle, 
but modified for use with higher magnifications. It consisted of a long glass 
trough containing the sample, which could be drawn slowly under a binocular 
microscope by means of a treadle. The groove of the trough had sloping 
sides and the width at the bottom was just less than the field of the microscope, 
namely, 3 mm. and 2 mm. for the magnifications of 33 and 65 diameters. 

Frequently it was necessary to count many categories separately, so a key- 
board was constructed with fifteen keys each recording the number on a cyclo- 
meter. In this way all the organisms could be counted with one hand, without 
looking away from the microscope and the other hand was left free for manipula- 
tion. 

To test the accuracy of the method of sampling with Stempel pipettes, one 
small catch from the coarse net from Lake Rudolf and one from Lake Naivasha 
were counted completely. It was found that the numbers estimated from the 
sample counts were 7 per cent. and 1-5 per cent. respectively greater than the 
true totals. When each species was counted separately, however, larger errors 
were found, but, except in one case where it reached 30 per cent., the difference 
was never higher than 16 per cent., and had a mean value of 12-7 per cent. 
These errors are of the same order as those found by Worthington (1931, 
p. 404) in his work on Lake Lucerne. Although asampling error of 1 to 16 per 
cent. sounds large, yet, in deducing results from the histograms, comparisons 
of the order of several hundred per cent. were made between the numbers of 
organisms at different depths, so that this error is not really significant. 

It is necessary here to describe how some of the species from the fine net 
were counted. The phytoplankton was difficult to count, partly because of 
its small size, but mainly because many of the forms were colonial and not 
separable into individuals. In the colonial forms like Botryococcus, one small 
colony was taken as a unit, so that a large colony was counted as five or six 
depending on its size, and not as one. The blue-green Algae were particularly 
difficult because they consisted in many cases of rather indeterminate masses 
of jelly, but as far as possible they were counted in terms of unit colonies 
in the same way. The filamentous forms such as Hormidiwm and Melosira 
were counted as the number of filaments present irrespective of the size. The 
diatoms, other than Melosira, were counted separately as individuals. 

In the lists of the coarse net plankton from each lake, the range of length for 
each species is given. The system of measuring and distinguishing the different 
categories is described below. For the Chaoborus larvae, the length was 


38 DR. WORTHINGTON AND MISS RICARDO—CAMBRIDGE EXPEDITION TO 


measured with the head in the normal bent position. In Caridina, the length 
was taken from the tip of the rostrum to the end of the telson. Diaptomus 
and Metadiaptomus were measured from the front of the body to the end of 
the caudal furcae, excluding the setae. The females were distinguished by the 
presence of egg-sacs, or by scars of previous egg-sacs, on the genital segment. 
The males were separated by the hooked and swollen right antennae. The 
rest of the specimens, mostly smaller in size, were classed together as young. 
The Cyclops were measured in a similar way, also excluding the setae. The 
females, except when carrying egg-sacs, were distinguished from the young 
only by size, while the males were again separated by the hooked antennae. 
The two species of Cyclops were distinguished under the low power of the 
microscope by size and the difference in length and proportions of the caudal 
setae. The Cladocera were measured from the top of the head to the end of 
the carapace. Where spines or helmets are present, as in Daphnia or Hyalo- 
daphnia, they were included in the length. When the Cladocera have been 
counted in more than one category, the division was based purely on size. 

(3) In plotting the results, all the data have been presented in the form of 
histograms and not in tables of numbers. The histograms represent actual 
numbers obtained and are not calculated on a percentage basis, because the 
use of percentages may lead to a superficial appearance of accuracy and obliterate 
the variations in numbers at different places and at different times. The total 
number of individuals is given in figures at the foot of each histogram. The 
horizontal scale represents the number of individuals per 5 metres of water, 
so that in the hauls nearest the surface, which in every case were from 5 to 
0 metres, the number counted for that haul is plotted direct on to the histo- 
gram. ‘The deeper hauls, however, were usually taken through 10 or 15 metres, 
so that the number counted has been divided by 2 or 3 before it was plotted. 
The scales for the numbers of individuals have been kept as constant as possible 
and are given below each figure. 

In the case of 24-hour series of hauls to show vertical movements there 
is an additional horizontal scale for each series of histograms, and this represents 
time with indications of the weather conditions underneath. In order to 
examine the vertical movements of each species during the 24 hours, the depth 
of the average individual has been calculated by finding the average depth 
of each histogram from the formula * : 


edit adt ... 
> 
wtaet... 
where w!, x* .. . equals the number of individuals in each catch, and d!, d?... 


equals the average depth of the catch (ie. 10 metres in the case of the 15 to 5 
metre haul). 


Average depth = 


* In a previous paper by Worthington (1931, p. 408) this same formula was used. for 
calculating the average depths. In that paper, however, there are errors in the formula 
given which were never corrected in the proof, as the author was away in Africa, and which 
may have led to misunderstanding. 
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RESULTS. 
Lake Rudolf. 


The chemistry and conditions of the water have been fully described by 
Beadle (1932, pp. 184-92). The salient points, in so far as they affect the 
plankton, are as follows: the water is very warm, between 25° and 30° C.; 
the alkalinity is very high (0-02 Normal) ; the pH likewise is high, 9-3 to 9-6 ; 
the water is somewhat opaque, as shown by Secchi’s disk, which disappeared 
at 2-4 metres ; there is practically always a clear sky and strong sun, almost 
vertically overhead at midday, and there is usually a strong south-east wind 
and a heavy swell. 

All the results from Lake Rudolf considered in this paper are from station 263, 
which was about half a mile from the north-west end of Central Island, where 
the depth was 48 metres. Full observations were made on the temperature 
and chemistry of the water at noon and midnight during the 24 hours while 
the distribution of the plankton was being investigated. Beadle has given 
the full results in text-fig. 5 (p. 188) of his paper, but to show the relationship 
between the temperature, pH, and distribution of plankton, the noon graphs 
have been added to fig. 2 of this paper. 


Plankton from the fine net. 


One full series of hauls from the bottom to the surface was made with the 
fine net at noon on 3 April 1931. The total fishable depth of 45 metres was 
divided into six stages—from 45 to 30 metres, 30 to 20, 20 to 15, 15 to 10, 10 to 5, 
and from 5 metres to the surface. In order to obtain more detailed information 
from the uppermost 5 metres, hauls were made also from 5 to 2-5 metres and 
from 2-5 metres to the surface. There was reason to suppose, however, that 
the haul from 5 to 2:5 metres was faulty, so that only the 5 to 0 metre haul 
has been used in plotting the results. 

The species caught by the fine net and their relative abundance in numbers 
are given in the following list :— 


Per cent. 
{ Hormidium subtile (Kiitz.)............. 32-7 
Botryococcus braunw Kitz. ............ 20-3 
| Surerella bisertata Bréb. 
Phytoplankton ...... Cyclotella meneghiniana Kitz. 
Phormidium molle Gomont =p. + ee eee 0-5 
| Lyngbya lutea Gomont 
( Intermediate green cells 
Thuricola folliculata (Miller) .......... 30-6 
MEO CIGNA omeckoscosogsouOd 0-1 
Rotifers : (Brachionus pala Ehrb.) 
Small zooplankton . a ie . ae 1-2 
(Anuraea aculeata Ehrb.) j 
LINE WV a ooee os oul beh on GOO Oe ope 9-3 
Neeraj olewl aio 6 Ase Gencnd0 souumeanour 5:3 
100-0 


3 There is gore doubt about the identification of this heliozoan, but it is either Raphi- 
diophrys or a closely related genus. 
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Fig. 2 shows the vertical distribution at noon of the most abundant species. 
The list shows that the phytoplankton of Lake Rudolf was rather poor in species, 
that only two, Hormidium subtile and Botryococcus braunii, were present in 
large numbers. Miss Rich (1933, p. 260) has pointed that Hormidium was the 
distinctive feature of this plankton. Another characteristic was the paucity 
of the diatoms, of which only Surirella and Cyclotella were represented, and 
these made up a very small proportion of the plankton. Both Hormidium 
and Botryococcus were abundant down to about 20 metres, and below this the 
numbers fell off steadily. 

The pH reached its highest value at 5 metres, was somewhat less at the 
surface and at 15 metres, and below this it decreased down to 30 metres. Since 
the observations were made at about midday when photosynthesis was approach- 
ing its maximum, a correlation would be expected between the pH and the 
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Fig. 2.—Lake Rudolf. Vertical distribution at midday of plankton 
caught in the fine net. 
Horizontal scale represents the number of individuals caught per 5 metres of depth. The 
figure at the foot of each histogram is the total number caught in each vertical series. 


vertical distribution of the phytoplankton. The histograms for Hormidium 
and Botryococcus give some indication of this. The rise in pH at the bottom 
may be attributed to deep-water currents, since the surface currents resulting 
from the south-east wind were probably balanced by a deep current in the other 
direction. In many cases, both in freshwater and marine work, an accumula- 
tion of phytoplankton has been found below the surface at about twice the 
value of Secchi’s disk reading. Secchi’s disk disappeared at 2-4 metres in this 
lake, but it is probable that the waves caused a mixing of the water near the 
surface so that no marked concentration of the phytoplankton at about 
5 metres could be discerned. 

In the small zooplankton, by far the most abundant form was a species of 
Thuricola, which secretes a cup-shaped lorica. Although present in enormous 
numbers in Lake Rudolf, it has not been found in any of the other lakes. Each 
lorica normally contains one or two individuals of Thuricola, but in many cases 
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there were also symbiotic Vorticellids. Often the loricae contained these 
vorticellids only or were entirely empty. Although Professor Entz, who is 
investigating specimens in Budapest, informs us that the association between 
cup-bearing ciliates, such as Oothurnia, and vorticellids has frequently been 
noted, it appears that no cases have been studied in detail. The population 
of Lake Rudolf has therefore been analysed by counting samples of 400 loricae 
from each depth fished with the fine net. Fig. 2 shows the distribution of the 
total number of loricae at different depths, and fig. 3 shows the relative abund- 
ance of loricae that were occupied by Thuricola, by Thuricola and vorticellids 
together, by vorticellids alone, and those that were empty. The results show 
that the abundance of all the groups fell off more or less uniformly with depth, 
but in the deep water below 30 metres empty loricae were far more abundant 
than occupied ones, and made up 74 per cent. of the population. It is rather 
striking that loricae occupied by vorticellids were more numerous than those 
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Fig. 3.—Lake Rudolf. Vertical distribution of V’huricola loricae. 


occupied by Thuricola at all depths, and at the surface there were 31 per cent. 
vorticellids to 23 per cent. T’huricola. It has been impossible to ascertain 
at what stage in the life-cycle the vorticellids enter the loricae. If the associa- 
tion were entirely haphazard, one would expect the same vorticellids to occur 
on other members of the plankton, but during the counting operations only 
two cases of similar vorticellids attached to other organisms were noticed— 
both were on Surirella. 

Fig. 2 shows that Thuricola and the rotifers followed approximately the 
distribution of the phytoplankton, the numbers decreasing steadily with depth. 
The nauplii, on the other hand, had concentrations near the surface and again 
at 15 to 20 metres. Since several species of copepods were included among 
the nauplii, this distribution may be the result of different types of behaviour 
in regard to diurnal migrations to and from the surface. The macro-plankton 
caught by the fine net, although fewer than those caught by the coarse net, 
showed a similar vertical distribution. 
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Plankton from the coarse net. 

Observations were made at six hourly intervals during 24 hours, in order to 
investigate the behaviour of each species in its vertical migration. The period 
extended from 6 p.m. (sunset) on 2 April 1931 until noon the next day, but 
in plotting the results in figs. 4 & 5, the noon histograms have been placed first, 
so that direct comparison can be made with the graphs for Lake Naivasha. 
The weather conditions were fairly uniform at the time, so this rearrangement 
should not give a false impression of the results. The total fishable depth of 
45 metres was divided into four stages : 45 to 30, 30 to 15, 15 to 5, and 5 to 0 
metres. 

The weather is indicated at the foot of fig. 5. There was no cloud during the 
whole period, but a strong wind from the north-east arose each day soon after 
sunset, reached a maximum at about midnight, and died away before dawn. 
The night wind caused a heavy sea which made work difficult, and the buoy 
fixed at station 263 appeared to drag a little, but since the station was well 
out in the open water it is unlikely that this could have affected the results. 
A swell continued till noon when a breeze arose from the south-east. Since 
the station was sheltered by the island in this quarter, the waves were small, and 
by sunset there was no wind and the sea was practically calm. The moon was 
full during the night, but there was a total eclipse which started at about 
9 p.m. and finished by midnight. This was quite unexpected, and the night 
in question would have been avoided if possible, as the eclipse may have had 
some effect on the movements of the plankton. 

The species caught by the coarse net, their size, and relative abundance in 
numbers at noon are given in the following list :— 


Per cent. 
Palaemon niloticus Roux. (Length 6-0-12-0 mm.).......... v. few. 

| Pit banforanus Kiefer, females (0-9-1-2 mm.) 26-8 

Anca s s s males (0-8—1-0 mm.) . 20a | 91-8 
a5 “8 young (0-6-0-9 mm.). 44°6 

| etn leuckarti Claus and f females (0-7-1-3 mm.) — 1-7 3.7 
C. hyalinus Rehberg. ‘Lmales (0:7-0-9 mm.). 2-0 

{ Diaphanosoma excisum Sars (0-5-1:0 mm.) ..............08 4-2 

Moina brachiata (Jurine) (0:-6-0-9 mm.) ..............000% 0:3 


SEA Oa j Ceriodaphnia rigaudi Richard (0-4 mm.) ..............-. \ f 
ew 


| Hyalodaphnia barbata (Weltner) Daday (1:5 -1-9 mm.) .... 


This plankton was remarkable in its paucity of Cladocera, which contributed 
only 4-5 per cent. of the total plankton, and of which the actual numbers collected 
were smaller than in any of the other lakes examined. In this, Lake Rudolf 
approaches the character of Lake Tanganyika, where it is well established 
that no Cladocera occur (Cunnington, 1920, p. 567, and others). The Copepoda 
in Lake Rudolf, on the other hand, were extremely numerous: the surface 
water during the day contained practically no Crustacea other than Diaptomus 


EAST AFRICAN LAKES : VERTICAL DISTRIBUTION ETC. OF PLANKTON 43 


banforanus, and the numbers were far greater than those for copepods in the 
other lakes. 

Fig. 4 shows the vertical distribution during 24 hours of females, males, 
and young of Diaptomus which were counted separately. The most striking 
fact is that the migration appears to be the reverse of the normal, the majority 
of individuals being near the surface in the daytime and descending to the 
deeper water at night. In most cases where diurnal migrations have been 
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Fic. 4.—Lake Rudolf. Vertical movements of Diaptomus banforanus during 24 hours, 
The dotted line represents the movements of the average individual. 


studied, the movement has been in the opposite direction, down to the deeper 
water in the daytime and up to near the surface at night. In a few cases, 
however, reverse migrations are known to occur. One example was given 
by Nicholls (1933, p. 155), who pointed out that a reversal of the normal diurnal 
migration of the marine copepod Calanus jfinmarchicus has been observed 
on several occasions in different regions. At these times large numbers of 
individuals were found close to the surface during the day and often under 


conditions of bright sunshine. 
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Although there was a definite movement, as shown by the change of depth 
of the average individual, it was confined to the upper part of the lake, and there 
was little invasion of the lowest 15 metres, except by the young forms. The 
range and rate of movement were slight when compared with those of other 
lakes. In Lake Rudolf the males travelled upwards through 12-5 metres 
between dawn and midday, and must therefore have moved at a speed of 
just over 2 metres per hour. In Lake Lucerne, Worthington (1931, p. 412) 
found that the rate of movement for two species of Diaptomus varied from 
4 to 8 metres per hour. He also found that the range varied from 17 to as 
much as 40 or 50 metres, while in Lake Rudolf it was only from 9 to 13-5 metres. 
It is interesting to note that in Lake Rudolf the general distribution and 
movements of the females, males, and young are similar, both in the form of 
the histograms and the range of the movements. In Lake Lucerne, however, 
it was generally found that the young and the adults behaved rather 
differently. 

In Lake Victoria, where the conditions of light and temperature are not 
very different from those of Lake Rudolf, the closely related species Diaptomus 
galeboides was found to behave in the normal way (Worthington, 1931, p. 416), 
having a pronounced movement up by night and down by day. It seems 
unlikely, therefore, that tropical conditions of light and temperature were 
responsible for the reversal of the movements found in Lake Rudolf. 

Recent work in temperate regions, both in the field and in the laboratory, 
has shown that the behaviour of plankton animals depends not only on the 
external conditions, but also on the inherent characters of the animals them- 
selves. This means that very different responses to the same conditions may 
be shown by different species. Russell (1928, 1932) and others have found 
also that different stages of the same species behaved differently, and Clarke 
(1930, 1932) concluded that, with regard to light, the response depended on 
the physiological state of the animals at the moment. He investigated the 
behaviour of Daphnia magna and found that they were primarily negatively 
phototropic, but if the intensity of the light was lowered the sign was changed 
and the animals became positively phototropic. The actual value of the 
light intensity when the change of sign occurred was not absolute, but depended 
on the age of the individuals, the temperature and conditions of the culture 
medium, and the state of adaptation to the light conditions at the moment. 
Many workers have found that the sign of the phototropism could be changed 
in the laboratory by altering the external conditions. Temperature and 
various chemicals in the water often had an important effect on the photo- 
tropism, and Russell (1927, pp. 242-51) has given a useful summary of these 
experiments. Rose (1923, p. 8) found that the sensitivity of marine copepods 
to light was modified by the hydrogen-ion concentration of the medium and 
that the maximum sensitivity was in the neighbourhood of neutrality. 

In view of these experiments, it is interesting to examine the peculiar migra- 
tion of Diaptomus in Lake Rudolf more fully. In the morning the animals 
swam up towards the surface, possibly as a result of positive phototropism 
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in weak light. During the middle of the day they remained in the surface 
5 metres, but were at a slightly higher level at sunset than at midday. It is 
possible that the high pH of the water accounted for the low sensitivity to light 
of the animals, and enabled them to stand conditions of very high intensity. 
As soon as the light failed, the animals left the surface and descended to the 
deeper water and there was a slight tendency to random distribution. Since 
only one series of observations was taken, it is possible that this migration 
was Just a temporary reversal of the normal as was found for Calanus fin- 
marchicus. A real explanation cannot be attempted, however, until more is 
known of the conditions of light in the water and of the reactions of this species 
of Diaptomus to different external stimuli. 

Fig. 5 shows the distribution and movements of the remaining important 
species of the macroplankton. None of them display pronounced movement, 
but there are indications of a normal migration, up towards the surface at 
night and down in the day. Although there were two species of Cyclops 
present, C. leuckarti and C. hyalinus, it was found impossible to separate them 
adequately, so that they have been counted and plotted together. There was, 
however, a definitely higher proportion of larger forms, probably C. leuckarti, 
in the deep water. The presence of two species may account for the bimodal 
appearance of the histograms for the males. The migrations of the females 
and males, worked out from the behaviour of the average individual, were very 
similar ; both reached the highest point at midnight, and both had a range of 
3 metres, though the average depth for the males was slightly lower than for 
the females. 

In the case of the Cladocera, Diaphanosoma excisum and Moina brachiata, 
the movements were more marked, both having a range of 6 metres. The 
higest point of the migrations was reached later, at dawn instead of at mid- 
night. The steady upward movement during the night of these species recalls 
the behaviour of the plankton in Lake Lucerne, and cannot be explained as 
a result of phototropic reactions. Clarke (1930, pp. 113-16) has shown that 
geotropism works independently from phototropism, and, therefore, this 
behaviour, like that found in Lake Lucerne, may perhaps be envisaged as 
a negative geotropism persisting after the removal of the light stimulus. Unless 
there was some such factor at work, the night movement ought to be downward 
through passive sinking, rather than upward, and should tend to a uniform 
distribution. 

Diaphanosoma excisum is the only species of the Lake Rudolf plankton 
which was studied also in Lake Victoria during 1927, where its behaviour was 
strikingly different. In Lake Victoria it had a steady concentration in the 
uppermost 16 metres during the night, and was mainly in the deep water from 
16 to 50 metres during the day, whereas in Lake Rudolf the region of maximum 
abundance was from 30 to 15 metres throughout the 24 hours. 

The difference in the migrations of the various species in Lake Rudolf, 
both in the light and the dark, emphasize the fact that many types of behaviour 
may be shown in response to one set of conditions, 
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The remaining three species of the macroplankton were too scarce for their 
distribution to be plotted. There were a few specimens of the prawn, Palaemon 
niloticus, mostly near the surface. It is interesting, as pointed out by Dr. Gordon 
(1933, p. 351), that in this lake the genus Palaemon replaces Caridina, which 
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Fra. 5.—Lake Rudolf. Vertical movements of Cyclops spp., females and males, 
Diaphanosoma excisum, and Moina brachiata during 24 hours. 


is the prawn found in the other East African lakes. Hyalodaphnia barbata 
and Ceriodaphnia rigaudi also occurred in small numbers. 


Lake Naivasha. 


The chemistry and water conditions of this lake have been fully described 
by Beadle (1932, pp. 166-77). It is worth noting here, however, that the water 
is relatively fresh, with an alkalinity of about 0-003 Normal. The temperature 
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and pH are also lower than for Lake Rudolf, and their values for different 
depths at noon and 6 a.m. at station 30 have been added to fig. 6. 

All the results shown from this lake came from stations 29 and 30, which 
were both at a buoy in the crater of Crescent Island, about a mile from the east 
shore of the lake, where the depth was 17-5 metres. In other parts of this 
crater, slightly deeper water was found, but over most of the lake the depth 
was less than 10 metres. 

A 24-hour series of hauls was taken with both coarse and fine nets to deter- 
mine the vertical distribution of the plankton. The period started at noon 
on 26 February 1931, and continued until noon the next day. Hauls were taken 
at 12.30 p.m. and sunset on the first day and at 3 a.m., dawn and noon on the 
second, so that the hauls in the middle of the two days could be compared. 
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Fia. 6.—Lake Naivasha. Vertical distribution of the plankton 
caught by the fine net at noon and at 3 a.m. 


The weather is indicated at the foot of fig. 8. The first day was fine and sunny 
after two days of rain, and there was no cloud until just before sunset. It was 
calm until the middle of the afternoon, and then an east wind arose, increased 
till sunset, when it was blowing quite hard, and then died away. By midnight, 
there was only a gentle breeze that blew intermittently through the rest of the 
night, and the next day was calm. Since this station was in a sheltered position 
in the crater, the water was practically calm through the whole period, though 
there was small waves while the east wind was blowing strongly. 

For both the fine and coarse net hauls the total fishable depth of 15 metres 
was divided into three equal stages: 15 to 10, 10 to 5, and 5 to O metres. 
Although they were both taken in the same place, the fine net hauls were 
labelled station 30, and the coarse net hauls station 29. The whole series with 
the coarse net were counted, but of the fine net hauls only those at 12.30 p.m, 
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and 3 a.m. were examined completely—in the rest the larger and most abundant 
species only were counted. It is unfortunate that the hauls taken at 6 a.m. 
contained a much larger total number of individuals of all species, both in the 
fine and coarse net, than any of the other hauls, so that it is sometimes difficult 
to compare the results. 


Plankton from the fine net. 
The species caught by the fine net and their relative abundance in numbers 
at noon are given in the following list :— 


Per cent. 
rM elosira ambigua Mill. : =e 
| ” granulata (Ehrb.) f° 0777777 . 


Blue-green Alge, Aphanocapsa and Aphanothece etc .... 24:2 


Phytoplankton ...... Botryococcus protuberans West. .....+..+e++eeceress 6-2 
| Lyngbya circumcreta West. ......--2+-escereeeceree 2-0 
| Karehmeriella, Bp Dear cere cisle ieten Wee eel rete lene a anaenterete 0-9 
(Pediastrum. tetra (Hibtbs) Meriereciee t-te tetera 0-2 
IRVIN REMI OO RDO OO SAGO ocanttoS sooo baossod 5-5 
Brachionus angularis Gosse ...........+-.+-. 1:3 
> ala Wars wea «cai eel tele earelorstasterd ia 
Small zooplankton ...< Anuraea aculeata Hhrb. ...........+++.+2005- 0-1 } 1:7 
Triarthra longiseta Ehrb. 
[ar ytilina ventralis Ehrb. J -*° °° of | 
Na plit aeics one cucrater sts iolete chalet quersyenecatetiesherocelree irerekelions= 5-0 
Young copepods (Cyclops) (length 0-3-0-6 mm.) ...... 0-4 
Macroplanktom Weta st «10: oe 2 ners) erareve otters! telah nate terarae 0-6 
100-0 


Fig. 6 gives the vertical distribution at noon and at 3.a.m. of the most important 
of these species. Both in the day and night hauls the diatom Melosira was 
by far the most abundant, followed by the blue-green Algae, mostly Aphanocapsa 
and Aphanothece. In most of the species, both of the phytoplankton and the 
small zooplankton, there was an accumulation in the 5 metres nearest the 
surface, and below this the numbers fell off steadily with depth. The heliozoan, 
Raphidiophrys, and the nauplii were the most abundant forms of the small 
zooplankton, but the rotifers were also numerous when compared with the other 
lakes, both in species and in numbers. 

One of the most striking facts shown by the two sets of histograms is that 
practically all the species were at a greater depth in the night than in the day. 
This was true, not only of active organisms like nauplii, but also of the non- 
motile species, and particularly of the diatom Melosira*. There seems, there- 
fore, to have been a vertical migration of the phytoplankton and other non- 
motile forms as well as of the active zooplankton. In order to follow its move- 
ment throughout the 24 hours, the Melosira from all the fine net hauls was 


* : : 
Many diatoms have been shown to possess a certain power of movement, but this is 
not sufficient to account for the changes of distribution in this lake, 
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counted and the results are shown in fig. 7. The distribution varied little 
during the day, but in the night, at 3 a.m., there was a reduction in numbers 
at the surface and an accumulation at the bottom. By dawn the ascent had 
already begun and the majority of organisms were found at a rather higher 
level, the accumulation at the bottom had disappeared, and large numbers were 
present again near the surface. 

The temperature curves in fig. 6 show a reverse gradient at 6 a.m. and hence 
an unstable condition, so that there must have been vertical mixing of the water 
during the night, and this was probably helped by the wind. These currents 
may have carried the plankton passively down to the deeper water at night 
and back to near the surface in the early morning. It is possible also that the 
ascent in the morning might have been hastened by a reduction in density of 
the cells as a result of photosynthesis. Since most of the organisms had 
reached the uppermost five metres by dawn, however, it seems that water 
currents were more important in causing the apparent diurnal migrations. 
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Fig. 7.—Lake Naivasha. Vertical distribution of Melosira during 24 hours. 
~ The dotted line represents the movements of the average individual (see text). 


Plankton from the coarse net. 
The species caught by the coarse net, their size, and relative abundance in 
numbers at noon are given in the following list :— 


Per cent. 

Cyclops hyalinus Rehberg, females (length 0:7-0:9 mm.). 58-8 

CoPREPODA | aA 90 on males (0:6-0-7 mm.) Oo 6. 02} 59-7 
. leuckarti Claus, females (0-7-1:0 mm.) ........ 0:7 

Moina dubia Guerne & Richard, large (0-5-0-8 mm.) .. 33-0 40-0 
Coanocnadd Ai by on small (0-3-0-5 mm.) .. 7:0 

Ceriodaphnia rigaudi Richard (0-5 mm.) «11.11... eee essen eee 0-3 

100-0 


At station 30 only these four species were present, but in different parts of 
the lake other planktonic species were found, notably Diaptomus banforanus, 
Daphnia longispina, Simosa vetulordes, and Alonella punctata. It is probable 
that the abundance of these species is subject to seasonal variation, and that 
they occur throughout the lake at some times of the year. In the summer of 
1929, from April to July, Miss Jenkin found considerably more species in the 
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water than were there in February 1931, as shown by her records (1934, p. 138) 
and by those of Lowndes (1933, p. 308). 

The vertical distribution through 24 hours of the two most abundant species 
and of young Cyclops * and nauplii is shown in fig. 8. Since the Moina and the 
adult Cyclops were taken by the coarse net, and the young Cyclops and nauplii 
by the fine net, the figures representing the actual numbers of individuals caught 
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Fia. 8.—Lake Naivasha. Vertical movements of the plankton during 24 hours. 


Upper two graphs represent macroplankton caught by the coarse net, and the lower 
two represent the young copepods and nauplii caught by the fine net. 


in the upper two sets of histograms are not comparable with those of the lower 
two sets. It is important to note that the vertical scale in this figure is twice 
that of figs. 4 & 5, while the horizontal time scale is slightly reduced, so the 


migrations at first sight appear, falsely, to be more pronounced than in Lake 
Rudolf. 


* “ Young Cyclops” includes all stages trom the first cyclops stage to the adult. They 


are differentiated from the nauplii by the form of the body and from the adults by the 
size, : | 


EAST AFRICAN LAKES : VERTICAL DISTRIBUTION ETC. OF PLANKTON 51 


The most abundant species of the Cladocera was Moina dubia, which made 
up 40 per cent. of the macroplankton. The specimens were counted in two 
categories, of large and small individuals, but their distribution was found 
to be so similar that they have been plotted together. Only relatively few 
were caught in the midday hauls and these were mostly in the bottom region 
from 15 to 10 metres. By sunset they had begun to come up towards the 
surface, and they continued to rise steadily till 3 a.m., when they reached their 
highest point. After this they descended slowly till dawn, then more abruptly 
til noon the next day, when again only a few were caught and these were 
near the bottom: in fact, the histogram practically reproduces the one for 
12.30 p.m. on the previous day. 

A far greater number of individuals were taken during the evening and night 
than in the middle of the day; the largest haul was taken at sunset when 
more than ten times as many were caught asatnoon. This difference in numbers 
in the day and night catches, together with the shape of the midday histo- 
grams, suggests strongly that the bulk of the Moina descended during the day 
into the lowest 2 metres of water, or even into the bottom deposit. Similar 
movements to the extreme bottom have been presumed by many workers on 
plankton, and recently Clarke (1934) showed that the marine copepod Calanopia 
americana will bury itself in the mud when subjected to bright light. The only 
alternative explanation is that the organisms succeeded in avoiding the net by 
day, but, since Moina is not a particularly strong swimmer, this seems unlikely. 

If the range of migration of Moina dubia and its speed of descent be compared 
with those of WM. brachiata in Lake Rudolf, they are found to be of the same 
order. The range in Lake Naivasha was about 5 metres, and the rate of 
descent from dawn till noon was 0:75 metres per hour. Owing probably to the 
shallowness of this lake, the average depth in all cases was about 10 metres 
higher than in Lake Rudolf. 

Although the copepods were represented by both Cyclops hyalina and Cyclops 
leuckarti, the females of C. hyalinus contributed 58-8 per cent. out of the total 
59-7 per cent. for all copepods. The scarcity in numbers of males is partly 
explained by the fact that they were small enough to escape through the meshes 
of the coarse net. In order to ascertain the proportion of males to females, 
an estimate was made from the fine net haul taken at 3 a.m., which gave the 
approximate figure of one male to five females. 

The female Cyclops were counted in two categories : those carrying egg-sacs 
and those without. The vertical distribution of both groups, however, was found 
to be similar, so they have been plotted together. The only differences were 
that no individuals with egg-sacs were found above 10 metres at midday, 
and that in all hauls the non-breeding individuals were the more abundant. 
Cyclops leuckarti was not present in large enough numbers to be plotted 
separately. 

The migration of the Cyclops spp. was very similar to that of Moina. The 


main differences were that the range of movement was slightly greater, six 
4* 
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metres instead of five, and that the descent continued steadily from 3 a.m. 
to noon, instead of increasing abruptly after dawn. The midday distribution 
on the two days does not agree so well as in the case of Moina, since twice as 
many Cyclops were caught on the first day as on the second, and the accumu- 
lation near the bottom was more marked. As with Moina, the catches were 
much larger at night than in the day, which again suggests that many individuals 
had resorted to the extreme bottom during the daylight. The Cyclops of 
Lake Naivasha were considerably more numerous than those of Lake Rudolf, 
but they underwent a similar type of migration. It is interesting to find that 
the Cyclops and Cladocera populations of the two lakes were rather similar, 
both in numbers and in the form of the migrations, but Lake Rudolf contained 
in addition the enormous mass of Diaptomus, with its peculiar migration, so that 
the total plankton was far richer and the movements less uniform. 

The graphs in fig. 8, representing the migrations of the young Cyclops and 
nauplii from the fine net, show little movement, the ranges being 1-8 and 
1-3 metres respectively. At all times the nauplii were mainly concentrated 
in the top 5 metres, and the form of the histograms changed little during the 
24 hours, except that larger numbers were caught at night. The histograms 
for the young Cyclops were not so constant, however, and the zone of con- 
centration varied in depth from near the surface to near the bottom. The 
agreement between the two hauls at noon was not good, but the total number 
of individuals caught was small. 


Lake Edward. 


Lake Edward is the second largest and the deepest of the lakes visited, and 
depths up to 117 metres were recorded about 2 miles from the western shore. 
The chemistry and water conditions have been described by Beadle (1932, 
pp. 192-200), and his figures show that the water is intermediate in alkalinity 
between Lake Rudolf and Lake Naivasha, with a value of about 0-01 Normal. 
The pH and temperature are also intermediate, and their values at different 
depths are added to fig. 9. These data are taken from p. 199 of Beadle’s paper 
and were collected on 9 July 1931, at 10.30 a.m., at a position close to station 574, 
where the depth was 90 metres. 

The most important discovery about the deep water of Lake Edward was 
that a thermocline, which may have been chemical in origin, was developed 
between 40 and 60 metres. Although the temperature of the hypolimnion was 
only about 1° C. below that of the epilimnion, there was practically no oxygen 
below 50 metres, but sufficient HS to give the water a pronounced smell. 
The water below the thermocline must consequently have been highly unsuited 
to animal life. The open water of the lake had about the same transparency 
as that of Lake Rudolf and Secchi’s disk disappeared at 2-2 metres. 

The plankton results from this lake came from two stations ; 556, which was 
situated about three-quarters of a mile from the west shore, where the depth 
was 59 metres, and 574 which was further out in the open water about 2 miles 


EAST AFRICAN LAKES : VERTICAL DISTRIBUTION ETC. OF PLANKTON 53 


from the shore with a depth of 90 metres. The first of these was worked on 
24 June at 10 a.m., and the second on 12 July at noon. 


Plankton from the fine net. 


At station 556 the depth of 55 metres fished was divided into four stages 
as follows : 55 to 40, 40 to 15, 15 to 5, and 5 to 0 metres. At station 574 only 
two hauls were made, one in the deep water from 80 to 60 metres and the other 
from 20 metres to the surface. The haul from 20 to 0 was counted, but the 
results did not differ markedly from the surface hauls from station 556. Since 
the latter were taken in shorter stages, they give more information, so the 
20 to 0 metre haul from station 574 has not been used in presenting the results. 

The species caught in the fine net and their relative abundance in numbers 
in the daytime are given in the following list :— 


Per cent. 
surureiia biservata Brebs ....0..-+1-.5.- 26-6 
[ Cyclotella meneghiniana Kiitz........... 2:9 
Microcystis flos-ayuae (Wittr.) Se 21-2 


of marginata (Menegh.) J 
Staurastrum paradoxum Meyen ....... pp 


Phytoplankton ........ : ; 
| Pediastrum simplex (Meyen) YS 0-2 
39 duplex Meyen 
Botryococcus braunii Kitz. 
Lyngbya lagerheimia tabi} eae crantetete 0-1 
Aphanocapsa greviller (Hass.) 
Raphidiophrys SP. 20-2 scecsececerees 8:5 
" Brachionus sp. 
a Gs Maura Anuraea aculeata Khrb. : ee a ae a 
| Nauplii .... 66... eee eee eee eee tee eee 21-8 
Wows COAG coosoavedogsnc000d 506% 6-7 
Macroplanktom) yerjcnerte ot oir rene oe 8-9 
100:0 


Fig. 9, which represents the vertical distribution of the fine net plankton, 
is a composite diagram: all results shown above 56 metres are from station 
556, and those below 60 metres are from station 574. The object is to give as 
clear a picture as possible of conditions in the open water and to indicate the 
effect of the thermocline. The horizontal dotted line at a depth of 59 metres 
represents the bottom at station 556, and it must be remembered that some of 
the plankton from the upper set of hauls may have been affected by the nearness 
of the bottom. 

Tn contrast to Lake Rudolf, the diatoms here provided a large proportion of 
the phytoplankton: Surirella bisertata contributed more than a quarter by 
numbers of the total, and there were also considerable numbers of Cyclotella 
meneghiniana. The broken lines indicate the numbers of empty shells of each 
of these species in the haul from 55 to 40 metres. Since the depth was 59 metres, 
this indicates an accumulation near the bottom. 
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Next in abundance were the blue-green Algae, Microcystis flos-aquae and 
Microcystis marginata. These were counted separately, but, since they were 
difficult to distinguish and were present in approximately equal numbers and 
had similar vertical distributions, the two have been plotted together in fig. 9. 
The only member of the Chlorophyceae present in any numbers was Staurastrum 
paradoxum, which is peculiar in showing a concentration well below the surface. 
Pediastrum, Botryococcus, and Lyngbya were not present in large enough 
numbers to plot on the diagram, though they tended to decrease in numbers 
with increase of depth, and none were found below 55 metres. 

The nauplii, which tended to be smaller in the deeper water, were the most 
abundant form of the small zooplankton, followed by Raphidiophrys, while 
rotifers were rather scarce. The distribution of the young Cyclops and the 
macroplankton have been added to fig. 9 to show the proportions in which they 
occurred. 
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Fie. 9.—Lake Edward. Vertical distribution of the plankton 
caught by the fine net at 10 a.m. 


In general, every species showed a striking diminution of numbers below 
40 metres, the depth where the effect of the thermocline was first felt. Beadle 
(1932, p. 200) concluded from a preliminary examination that ‘ below 60 metres 
no zooplankton was found except for considerable numbers of Chaoborus 
larvae ’, and again that ‘ there were a few diatoms and Microcystis below the 
thermocline which were presumably dead’. These statements have now been 
proved to be an exaggeration, as exhaustive counting has revealed the presence 
of fair numbers of Microcystis, nauplii, and a few adult Copepoda and Cladocera. 
The organisms cannot have been dead when caught, since there were no signs 
of decay of the tissues ; their numbers below 60 metres, however, were very 
small when compared with the abundance in the surface waters. 
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Plankton from the coarse net. 


The hauls with the coarse net were all taken at station 556, and the 55 metres 
fished were divided into five stages, 55 to 40, 40 to 25, 25 to 15, 15 to 5, and 
5 to 0 metres. 

The list of species of the macroplankton, their size, and relative abundance 
in numbers is given below :— 


Per cent. 
INSECTA. Chaoborus larvae (length 2-5-8-0 mm.) ........60..s-00eceeescess Oe 
a hyalinus Rehberg, females (0:6-0-8 mm.)......... 47-7 49-1 
es moaless(075=0-6)xnims)) ses ee ae es 
CoPpEPopDa. | = ane Claus, females (0-7-1-2 mm.) ........... 3-1 4-0 
pea os) (O-7—O0-8mmne) eee eee 0-9 
Se CUGISUU A SALSA (()de=(); Quarry) Meunier sre aie iamicici le 1:8 
Daphma tongispina O. H. Muller (0:8-1-6 mm.) ..............-.-> 12 
| Certodaphnia reticulata Jurine Wrreene 5A. 
Crapocenay e Cee Riad large (0:6-0-8 mm.) ........ 20-0 sae 
nuta Sars aa 
| Oe Ob small (0-3- WSO eaUIRISNS O6.crrogeo cnc 4-2 
| - young 
| Moina dubia Guerne & Richard. (O42 OG) aa is) Recto cue si steel or aue test 4-0 
100-0 


Fig. 10 shows the vertical distribution of the species caught by the coarse 
net. When the proportions of the various species were examined by volume 
instead of by numbers, Chaoborus larvae were found to make up most of the 
macroplankton. These varied much in size and were smallest near the surface 
and largest near the bottom: the maximum length for the different depths 
being 4 mm. from 15 to 0 metres, 5-3 mm, from 25 to 15 metres, and 8-0 mm. 
from 55 to 25 metres. The vertical distribution by numbers of the larvae is 
given in fig. 10, but since the volume depends on the size as well as the number, 
the distribution by volume was widely different. At the surface the volume was 
small and increased more or less steadily to a maximum in the haul from 
55 to 40 metres, which was the lowest depth fished. 

The females of Cyclops hyalinus were the most abundant form of the 
Crustacea, and in fig. 10 they and Chaoborus have had to be plotted on one- 
tenth the scale of the rest of the species. Although the hauls were taken at 
10 a.m. when the light was quite bright, the majority of individuals were in the 
5 metres nearest the surface. The females of Cyclops leuckarti were next in 
abundance of the copepods, and in this case the region of maximum concen- 
tration was from 15 to 5 metres. The males of both species, and particularly 
Cyclops hyalinus, were much less numerous than the females, and both were 
relatively scarce at the surface, and had their maximum concentration from 
15 to5 metres. In the section on Lake Naivasha it was pointed out that many 
of the males of both these species were so small that they escaped through the 
meshes of the coarse net. In Lake Edward the difference in size of the sexes 
was less marked, but nevertheless considerable numbers of males, probably 
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mainly of Cyclops hyalinus, passed through the coarse net meshes. This was 
determined from the fact that the proportion of males to females was about 
one to nine in the hauls with the fine net and about one to twenty-two in 
those with the coarse net. 

Turning to the Cladocera, Diaphanosoma exciswm was present in small numbers 
between 5 and 40 metres, but was very scarce above and below this region. 
Daphnia longispina was abundant, being second only to Ceriodaphnia, and 
had its region of maximum concentration in the 5 metres nearest the surface. 
The large numbers of Daphnia present a contrast to Lakes Rudolf and Naivasha, 
where only very few of this genus occurred. 
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Fic. 10.—Lake Edward. Vertical distribution of the macroplankton 
caught by the coarse net at 10 a.m. 


The Ceriodaphnia were the most abundant of the Cladocera, and there were 
three species present. It was impossible to separate them adequately while 
counting however, so they have been divided into two categories, one of large 

. . . . 5 
forms containing both C. reticulata and C. dubia, and one of small forms con- 
taining C’. cornuta and young of all three species together. The vertical distribu- 
tion of each was similar, except that the region of concentration was a little 
lower for the large forms than for the small. Moina dubia was peculiar in 
that it tended to be deeper than the other forms, and the largest numbers were 
taken from the region from 40 to 25 metres. 

All the results came from observations taken at 10 a.m., but there is no 
doubt that the form of the histograms would be very different at night-time 
J z , ; ’ x - 2 . ‘ee 2 . = . e a 
Unfortunately, there was no opportunity of making a series of observations 
during 24 hours, so no estimate can be given of the diurnal migrations. As 
with the phytoplankton, there was a marked decrease in numbers below 
40 metres, which reflects unfav sonditions i i 

es, which reflects unfav ourable conditions in the region below the thermo- 
cline. No hauls were taken below 60 metres. 
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Treated as a whole, the plankton of Lake Edward is intermediate in many 
respects between those of Lake Rudolf and Lake Naivasha, except that there 
is a great number of abundant species. The dominance of one species of the 
Copepoda and its concentration near the surface in the daytime, recalls the 
presence and behaviour of Diaptomus banforanus in Lake Rudolf. On the 
other hand, the relatively high proportion of Cladocera in the plankton of 
Lake Edward makes it resemble the condition in Lake Naivasha, where 
40 per cent. of the macroplankton was contributed by the Cladocera. 


Lake Bunyoni. 
The physical conditions of Lake Bunyoni were investigated by Dr. & 
Mrs. Worthington after Mr. Beadle had left the expedition, so the results are 
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Fic. 11.—Lake Bunyoni. Graphs showing the values of the temperature 
and pH at different depths in the daytime and at night. 


not included in Beadle’s paper referred to before. The conditions have been 
briefly described by Worthington (19326, pp. 49-52), but this seems to be 


a suitable place to record more of the data. 
Lake Bunyoni is a small lake at an altitude of 6,474 feet, and is thus slightly 


higher than Lake Naivasha. The greatest depth recorded was 39 metres, 
at about the middle of the lake, but the depth was fairly uniform throughout, 
and was generally over 20 metres. The alkalinity of the open water was 
0-0023 Normal, a figure lower than that for the other lakes examined. The 
water was rather clear, and Secchi’s disk disappeared at a depth of 2-9 metres. 

The values for the temperature and pH at different depths in the day and 
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night are given in fig. 11. The readings were all taken at the same position 
from a buoy anchored in the deepest part of the lake, but not all on the same 
day: the times and dates of the series are shown on the diagram. The 
temperature and pH values were both lower than those in Lake Naivasha, 
and there was less heating of the surface waters during the day. Both graphs 
indicate some mixing of the water near the surface down to about 5 metres 
during the night, but there were no signs of a turnover. The air temperature, 
when the day observations were made, was 21°-6 C., while at the night station 
it was 15°C. 

All the plankton results considered from this lake came from the open water 
and from the same place that the temperature and pH determinations were 
made. ‘Two stations were worked, one, 709, on 13 August 1931, at 3 p.m., 
and the other, 730, a week later, on 20 August, at 11 p.m. On both occasions 
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Fig. 12.—Lake Bunyoni. Vertical distribution of the plankton caught by the 
fine net at 3 p.m. on 13 August and 11 p.m. on 20 August. 


hauls were made with the fine and coarse nets, and the 37 metres fished were 
divided into four stages as follows : 37 to 25, 25 to 15, 15 to 5, and 5 to O metres. 


Plankton from the fine net. 


Fig. 12 gives the vertical distribution of the more numerous forms of the 
plankton from the fine net, both in the day and the night. The extreme 
paucity of the phytoplankton, both in species and numbers, is most striking, 
and the only species taken in appreciable numbers was Botryococcus sp. This 
was concentrated in the 5 metres nearest the surface, particularly at the night 
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station, when over twice as many individuals were caught as in the day. There 
were also a few diatoms present, but not sufficiently numerous to plot. 

Among the small zooplankton, Raphidiophrys sp. and several types of rotifers 
were taken in small numbers at both stations, but there was little change in 
their distribution in the day and night. The nauplii and macroplankton were 
relatively abundant and were both concentrated in the uppermost 5 metres. 

The abundance of zooplankton and the rise in pH at the surface during the 
day must mean that there was more phytoplankton present than that shown 
in fig. 12. It probably consisted of very small species that were able to pass 
through the meshes of the fine net. 


Plankton from the coarse net. 


The species caught by the coarse net, their size, and relative abundance in 
numbers are given in the following list:—  ~ 


Per cent. 
( Chaoborus larvae (length 4:0-9-0 mm.) ........... 0+. eee eee eee 2-4 
INSECTA ....< 55 Uae tate rarercesty | ose Were eee rota s catarelaucistere seas tesene eansrecarshess 0-4 
 Caridina nilotica (Rous) (325=13°0 arr as ees ac wlece sore) oe ene oi 0-4 


Metadiaptomus oethiopicus Daday, females (1-1-1-4 mm.) 21-2 
. > » males (0-8-1-2 mm.) .. 136} 59-6 


COPEPODA .. a AS » young (0-5-l1-1mm.) . 24:8 

Cyclops albidus Jurine and f females (0-5—0-7 mm.) .... 8:07. 8-0 

C. hyalinus Rehberg ‘Limales (0-5-0-6 mm.) ...... few. f 
Cyclops keoro erin Claw (WPfealoll ans) Son nconomonoceesuoeKor 0-6 
( Daphnia pulex (De Geer), large (1-1-2-0 mm.) ......... 8-4) 23.0 

3 Be 5 ermal (O- 7-21: lemma) ieee 14-6 f 
CLADOCERA .~ Ceriodaphnia reticulata Jurine (0-4—0-8 mm.) ...........0e ee eee 4:3 
| Hyalodaphnia barbata (Weltner) Daday (2:4 mm.) ....... meh Gato 0:8 
| Moina brachiata (Jurine) (0-5 mm.) ... 66.6 eee ee eee eee eee ee 0-5 
100-0 


Fig. 13 gives the vertical distribution during the day and the night of the 
most abundant of these species. 

In this lake, as in Lake Edward, large numbers of Chaoborus larvae were 
present, which made up an important part of the macroplankton. These 
were small near the surface and larger in the deep water, though the change 
in size was less marked than that found in Lake Edward. The range of length 
for each haul from the surface downwards was 4:0 to 8-5, 4:0 to 9-0, 4-5 to 8-5, 
and 7-0 to 9:0 mm. respectively. The histogram shows that the Chaoborus 
were concentrated in the surface waters in the night and had a more even 
distribution in the daytime. 

Lake Bunyoni is the only one of the lakes considered in which prawns 
(Caridina nilotica) occurred in appreciable numbers, though not large enough 
to be plotted in fig. 13. There were indications of a concentration near the 
surface at the day station and in the lowest 12 metres in the night. The range 
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of length was from 3-5 to 13-0 mm. In the day the smallest forms were at the 
surface, and the size increased with depth, while at night there did not appear 
to be this grading in size, and large and small forms were found together at all 
depths. This difference may have resulted from the large active individuals 
escaping capture during daylight. 

Metadiaptomus aethiopicus was the most abundant species of the Copepoda, 
and in the day hauls it made up almost 60 per cent. of the macroplankton. 
The females, males, and young were counted separately, and the histograms 
show that the vertical distribution of the three groups is rather similar except 
that the young tended to be slightly deeper. The average depth of the females 
and young was 2 and 3 metres higher at the night station than at the day, while 
the males tended to be deeper at night. In both stations the young were the 
most abundant, and the females were more numerous than the males. 
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Fia. 13.—Lake Bunyoni. Vertical distribution of macroplankton caught by the coarse net. 


Upper series collected at 3 p.m. on 13 August, lower at 11 p.m. on 20 August. 


Three species of Cyclops were present, but, although they were counted in 
two groups of large and small forms, their vertical distribution was found to be 
so similar that they have been plotted together. In the day there was a more 
or less even distribution with an accumulation at the bottom, while at night 
the accumulation was at the surface. 

Daphnia pulex was the most abundant species of the Cladocera. Lake Edward 
was the only other of the four lakes in which a Daphnia occurred in large numbers 
but there the species was D. longispina. D. pulex in Lake Bunyoni was ocunel 
in two groups of large and small individuals, but they have been plotted on the 
same histogram, the black representing the small forms and the shaded parts 
the large forms. Owing to an enormous accumulation in the uppermost 5 metres, 
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there were nearly twice as many individuals caught at the night station as at the 
day. The proportion of large to small forms was similar at all corresponding 
depths at the two stations, and at both stations the proportion of large forms 
increased with depth. 

The Certodaphnia had a similar distribution, but was less numerous. The 
other two species, Hyalodaphnia barbata and Moina brachiata were not suffi- 
ciently abundant to plot, but their distributions were similar to those of the other 
Cladocera. 

It is worth noting that, as in Lake Rudolf, the diaptomids were caught in 
slightly greater numbers by day, and that the Cladocera were caught in much 
larger numbers in the night. 


Discussion. 

Most of the interesting points raised by the data have already been discussed 
in previous sections. These are: in Lake Rudolf, the association of symbiotic 
vorticellids with Thuricola, and the peculiar migration of Diaptomus; in 
Lake Naivasha, the apparent migration of non-motile forms, and the difference 
in numbers in the day and night catches of the macroplankton; in Lake 
Edward, the effect of the thermocline ; and in Lake Bunyoni, the apparent 
scarcity of the phytoplankton. There are, however, several matters of general 
application to be considered. 


Sources of error. 

The main sources of error occurring in this type ot work have been described 
by Worthington (1931, pp. 401-5) and Southern and Gardiner (1932, pp. 128-33), 
so that in this paper they will only be discussed in so far as they affect the present 
data. The most important errors are those resulting from 

(1) The use of Nansen type plankton nets, 

(2) the lack of uniformity in the horizontal distribution of the plankton 
(swarming error). 

(3) the inability to fish the bottom 2 metres, 

(4) the difference in numbers of individuals caught in the day and night, 

(5) the estimation of the catches, 

(6) the conclusions based on the movements of the average individual. 

(1) In previous work certain precautions were taken to reduce the errors in 
fishing to a minimum, and exactly the same methods were employed in the 
present work, as described in the section on Methods. 

(2) The irregularity of the horizontal distribution of the plankton is one of 
the most serious errors in the method of vertical hauling. If the irregularities 
are large, they will have a marked effect on the amount of plankton taken at 
any particular depth, and the size of the catch will depend on whether the net 
passed through a region where the animals were numerous or scarce. Very little 
is known about the amount of variation in horizontal distribution, but its effect 


62 DR. WORTHINGTON AND MISS RICARDO—CAMBRIDGE EXPEDITION TO 


will be more marked with short than long hauls. In previous work on Lake 
Lucerne, where vertical series of hauls were taken at frequent intervals, the 
total numbers of individuals caught in each series were remarkably uniform, 
showing that the swarming was not sufficient to invalidate the results. Since 
the same methods were used, and no hauls of less than 5 metres have been con- 
sidered, it seems legitimate to assume that this error was no more important 
in the present work. 


(3) The impossibility of fishing the bottom 2 metres probably introduced 
only a small error during the night when most of the individuals were near the 
surface, but in the daytime it may have become serious, particularly in the 
shallow lakes, as large numbers of individuals were then close to the bottom. 
It is clear that the great decrease in numbers of macroplankton caught in the 
day in Lake Naivasha would have been less marked had it been possible to fish 
right down to the bottom. 


(4) The difference in the size of the day and night catches is a source of error 
that enters into all quantitative work on the distribution of plankton. The 
present results show such differences in certain cases, but not in others. In 
Lake Rudolf, for instance, the Copepoda were caught in about equal numbers 
during the day and night, while the Cladocera were more numerous in the nets 
at night. In Lake Naivasha there was a much greater increase in the night 
catches, and this applied to the Copepoda as well as the Cladocera. In Lake 
Bunyoni, the Copepoda were again caught in about equal numbers by day 
and night, while far more Cladocera were taken at night. 

Two possible explanations have been put forward to account for these 
differences in numbers. One is that the animals concentrate near the bottom 
in the daytime in the region where it is impossible to fish, and the other is that 
they perceive the net in the day and can escape by active swimming. According 
to the first explanation, the difference should be less marked in deep than in 
shallow lakes, and this is borne out by the results from Lake Rudolf and Lake 
Naivasha. In some lakes, however, the differences have been found even 
where the bottom lies far below the mode of the population. The second 
explanation, that the animals can see and avoid the net by day, is supported 
to a certain extent by Mr. Ullyott (in press) on Lake Windermere, who showed 
that for a few species the discrepancy in the numbers was reduced if black 
instead of white nets were used. For most species, however, the use of black 
nets had no effect on the numbers caught. In Lake Rudolf the Diaptomus 
which was concentrated near the surface, and therefore most likely to see the 
net, showed no differences, in the day and night catches, while marked differ- 
ences were shown by the Cladocera in the deeper part of the lake. These con- 
ditions are hard to explain, unless the differences in behaviour of the various 
species in avoiding the net are taken into account. Southern and Gardiner 
(1932, p. 132) considered the importance of the behaviour when they suggested 
that the discrepancy between the day and night catches would ‘ appear to depend 
on (1) the degree of illumination of the water layer in which the animals live 
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by day ; (2) the speed at which the animals can swim in their efforts to avoid the 
net ; (3) the proportion of the population living by day below the level at which 
the net is fished and which ascends above this level by night’. The differences 
in the behaviour of the animals in their efforts to avoid the net probably depend 
not only on the light intensity and on the speed at which the individuals can 
move, but also on many other factors, such as the distance at which the animal 
can perceive the net, the type of response produced, and the time which elapses 
between the perception and the response. The above explanations may 
account for the differences in day and night catches in certain cases, but before 
a general explanation can be produced the differences in behaviour of each 
species must be examined in relation to its powers of avoiding a net. 

(5) The sampling error which has been discussed previously was the most 
important in estimating the catches. The methods made it possible to count 
each individual of the Crustacea in the samples, but the numbers for the phyto- 
plankton are probably less accurate owing to the small size of many of the 
organisms, the enormous numbers present, and the fact that for some of them 
arbitrary units had to be used. 

(6) The lines joming the mean depths of the plankton populations shown on 
the graphs is the best approximation that can be reached to show the move- 
ments of the average individual in each case. When deductions are made from 
these, however, it must be remembered that they represent only the changes in 
level of a whole mass of animals, and no account is taken of individual behaviour. 


Comparison of conditions in the four lakes. 

If the lakes considered in this paper be arranged in order of increasing size— 
Lake Bunyoni, Lake Naivasha, Lake Edward, and Lake Rudolf—they form 
a series along which the altitude of the lakes decreases, while the temperature, 
alkalinity, and pH increase and reach their highest values in Lake Rudolf. 
The richness in numbers of the zooplankton also increases from Lake Bunyoni 
to Lake Rudolf. Unfortunately, it is difficult to compare the numbers of the 
phytoplankton, as the species were so variable in size. 

Although the families and even genera of planktonic plants and animals 
were for the most part the same in all the lakes, the species were usually different 
in each, and they contributed quite different proportions of the plankton. 
Beadle (1932, p. 205) gave a table showing the main families that occurred in 
the various lakes, together with the conditions of the water, but it is now possible 
to examine the plankton in rather more detail. In both Lakes Naivasha and 
Edward, the phytoplankton was dominated by diatoms and blue-green Algae, 
Melosira and Aphanocapsa in the first, and Swrirella and Microcystis in the 
second. In Lake Rudolf, on the other hand, the green Algae, Botryococcus 
and Hormidium, were dominant. 

In considering the zooplankton there is again a resemblance between Lake 
Naivasha and Lake Edward in that no diaptomids were present, while these 
occurred in large numbers in the other two lakes. In all cases the same two 
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species of Cyclops were represented, while in Lake Bunyoni there was a third 
species, C.albidus, in addition. There were four important genera of Cladocera 
(Diaphanosoma, Daphnia, Ceriodaphnia, and Moina), and each was present as 
the dominant form in one of the lakes. 

The presence or absence of a species and its relative abundance in the various 
lakes may depend to some extent on the water conditions, but very little evidence 
for limiting factors was obtained. The majority of the species also were wide- 
spread in their geographical distribution, so that they must be able to withstand 
large ranges of conditions. Unfortunately, it was impossible to collect any data 
about the seasonal changes in the plankton, but perhaps the differences, both 
in species and numbers, were dependent on seasonal variations. 


Comparison with lakes in temperate regions. 

One of the most important characteristics of the tropics when compared 
with temperate regions is the uniformity of conditions throughout the year, 
particularly of the temperature. In the East African lakes the temperature 
is high at all depths, and varies little in value between the surface and the 
bottom. The seasonal changes are not sufficient to cause pronounced differences 
in temperature in the water layers, so that no thermocline is developed. The 
only exception to this is Lake Edward, where a thermocline existed in the 
deep water levels, but Worthington and Beadle (1932) concluded this to be of 
chemical rather than of meteorological origin. As a rule, therefore, there is 
no division of the water into epilimnion and hypolimnion, and the oxygen 
and salt content is fairly constant throughout each lake. The mixing of the 
water is probably helped by strong winds which are prevalent at certain seasons 
on most of the lakes. 

The diurnal changes in light intensity in the tropics are larger than in 
temperate regions, so a well-marked migration of the plankton might be 
expected. In both Lake Rudolf and Lake Naivasha, however, the range of 
diurnal migration was small, but this is possibly to be attributed to the high 
turbidity of the water, as shown by a Secchi disk reading of 2 to 3 metres. 
In Lake Victoria, where climatic conditions are similar, the migrations were 
larger, but here the water was clear, and Secchi’s disk disappeared at a depth 
of over 7 metres. 

In drawing up a classification of lakes, Naumann (1929) divided them into 
oligotrophic and eutrophic types, in which the normal evolutionary sequence 
was from the primitive oligotrophic type, rather poor in life, to the more highly 
evolved or eutrophic type, characterized by a high productivity. Later, 
Thienemann (1931) developed this classification and considered it in connexion 
with tropical waters. He concluded that true oligotrophy could not exist 
in the tropics and that all lakes in these regions were eutrophic to a varying 
degree. He also suggested that the normal sequence could be modified by some 
extra factor which caused unilateral or disharmonic development, and hence 
the production of a new lake type. In this way dystrophic types are produced 
by excess of humic material, alkalitrophic by excess lime or soda, siderotrophic 
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by excess iron, and acidotrophic by excess acid. Since then other offshoots 
from the main series have been added by various workers in attempts to 
make the classification cover their particular lakes, so that the whole system 
has become extremely complex. The East African lakes do not really fit 
into any category of the classification, but it is considered better to show their 
resemblances to the recognized types than to describe them as new. In 
general, they are eutrophic with regard to their high productivity, but oligo- 
trophic in that oxygen is present in appreciable quantities at all depths. 
Hutchinson (1932) suggested that the Melosira-Cyanophyceae type of lake is 
probably a dilute phase of the alkaline eutrophic type. It is clear that the 
eutrophy of Lake Edward and Lake Rudolf is also modified by the high alkalinity, 
and the fact that this alkalinity results from soda rather lime may have a further 
effect on the conditions of life in the lakes. 


CONCLUSION. 


The results in this paper are put forward simply as data and no general 
explanation of the distribution and movements of the plankton is attempted. 
Up till now many hypotheses to explain diurnal migrations have been advanced, 
but since these have been summarised in many papers on the subject, there is 
no need to do so here, particularly as the present time is in a sense transitional. 
The older and simpler theories have had to be abandoned as complete explana- 
tions, and the complexity of the problem is fully recognized. This has stimulated 
many workers to start investigations along rather new lines, but although many 
interesting results are forthcoming, they are still too scarce and isolated to 
explain the general problems. 

The new work has been in two principal directions, firstly on the measurement 
of the physical conditions in the water, such as light and temperature, and 
secondly on the study of the behaviour of different organisms under experimental 
conditions in the laboratory. Thus, on one side methods have been developed 
for measuring environmental factors quickly and accurately, and, owing to 
the work of W. R. G. Atkins at Plymouth and of P. Ullyott (1934) and J. T. 
Saunders (in press) at Windermere, instantaneous readings can now be made 
of the intensity and composition of the light and of temperature at any depth. 
These data can then be directly correlated with the distribution of the plankton 
as found by hauls with nets at the same time and place. . 

In the second type of work, a great deal has been learnt about the behaviour 
of individual organisms and species from the study of living animals in the 
laboratory, particularly from the work of Clarke. The chief results so far have 
shown the diversity of behaviour that may be exhibited by different organisms 
under the same conditions. They have also shown that in many cases animals 
behave differently in the laboratory and in their natural conditions, and until 
the reason for this difference is understood it is almost impossible to correlate 
the experimental work with the observations made in the field. It seems 
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probable, however, that the ultimate picture of planktonic behaviour will 
come from such a correlation. 

In the present work there was no opportunity to investigate the light penetra- 
tion in detail, nor to subject the animals to controlled experimental conditions. 
None the less, it is considered that field observations of the type described, 
incomplete though they be, may serve at some future date as a check to or 
as evidence for theoretical conclusions. 


SUMMARY. 


Since little quantitative work has been done on the vertical distribution of 
the plankton in tropical lakes, it is considered important to put on record the 
data from Lakes Rudolf, Naivasha, Edward, and Bunyoni. The plankton 
was collected by vertical hauls with Nansen type nets of both fine and coarse 
mesh. The material was counted by special methods devised for the purpose, 
and the results were plotted in the form of histograms representing the actual 
numbers of individuals. 

Lake Rudolf is characterized by a very high temperature, alkalinity, and pH. 
The phytoplankton was scarce and poor in species, particularly of diatoms. 
The ciliate Thuricola folliculata was the most abundant form of the small 
zooplankton, and its association with symbiotic vorticellids is analysed. The 
macroplankton was very rich in Copepoda and poor in Cladocera. A 24-hour 
series of observations showed the diurnal migration of Diaptomus to be in the 
opposite direction from the usual, so that the animals were near the surface 
in the day and in the deeper water at night. This reversal may be due to 
a low sensitivity to light. The diurnal migrations of Cyclops and the Cladocera, 
though less marked, were in the normal direction. 

Lake Naivasha has a lower temperature, alkalinity, and pH, and is compara- 
tively shallow. The phytoplankton was abundant both in numbers and species, 
and the diatom Melosira was dominant. The day and night distribution of 
the species of the phytoplankton and small zooplankton is compared, and 
shows an apparent migration of non-motile as well as active forms. Water 
currents were probably responsible for these changes in distribution. The 
macroplankton contained four species at the station where the observations 
made, but only two were abundant. The Cladocera were nearly as numerous 
as the Copepoda, and their diurnal migrations were similar as shown by a 24-hour 
series of hauls. The numbers caught by day were much smaller than those 
by night, probably because the animals were concentrated at or near the 
bottom during the light. The nauplii and young Cyclops showed little 
movement. 

Lake Edward is the deepest of the lakes, with a thermocline between 40 and 
60 metres. The temperature, alkalinity, and pH were intermediate between 
Lakes Rudolf and Naivasha. The phytoplankton was abundant, and consisted 
mainly of diatoms and blue-green Algae. Fine net hauls were taken in the deep 
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water, and showed that there was very little life below the thermocline. The 
macroplankton was rich in species and individuals of both Copepoda and 
Cladocera. Cyclops hyalinus was the dominant form in numbers, but the 
greatest volume of the plankton was contributed by the larvae of Chaoborus. 

Lake Bunyoni is a small lake situated at a high altitude and characterized 
by relatively fresh water. The graphs representing the temperature and 
pH values at different depths show that there was no turnover of the water. 
The phytoplankton caught was extremely scarce, but, since the zooplankton 
was abundant, there must have been more plant material present, which pro- 
bably escaped through the meshes of the net. The macroplankton was rich 
in species, and its distribution at a day and a night station was examined. 
The Copepoda were more abundant than the Cladocera, and Chaoborus larvae 
were again present. Prawns also occurred in appreciable numbers. 

The main sources of error in this type of quantitative work are discussed : 
the most important are the lack of uniformity in the horizontal distribution, 
the inability to fish the bottom 2 metres, and the differences in the sizes of the 
day and night catches. The importance of these factors depends partly on 
the depth of the lake and partly on the differences in behaviour of the various 
species. 

The flora and fauna of the plankton in each lake is compared. All the lakes 
differ from those of temperate regions in the uniformity of the conditions and 
the absence of a true thermocline. The limited range of migration is perhaps 
due to the turbidity of the water. 

The East African lakes are aberrant from the Naumann Thienemann classifi- 
cation: they are essentially eutrophic, but are modified by alkalinity. 

Much work on the measurement of controlling factors in the field and experi- 
mental work on the behaviour of different organisms must be performed and 
correlated before a complete and general explanation can be given of the 
distribution and movements of plankton. 
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Contributions to the study of some African mammals.—I. The humerus and 
femur of certain East African antelopes. By A. TrnpELL Hopwoop, 
DSc., F.L.S., Department of Geology, British Museum (Natural History). 


(With 6 Text-figures) 


[Read 29 October 1936] 


I. INTRODUCTION. 


One of the greatest difficulties which faces the student of fossil mammals 
is lack of information about the long bones of the limbs. Palaeontological 
work is mainly based on teeth, horn-cores, and skulls. Very little work on 
the skeleton has been published since the pioneer studies of Cuvier, Owen, 
and de Blainville, although later authors such as Kovalevsky, Osborn, Hinton, 
and Gregory have dealt with certain groups in detail. Neither have workers 
on Recent species done very much; they have mostly based their results on 
such features as the colour of the coat. In many ways this was inevitable, 
for skins are easier to collect and to transport than skeletons, and are less 
bulky to store in museums. 

When trying to identify various collections from the Pleistocene deposits 
of East Africa, in which the greater number of specimens consisted of isolated, 
often broken, bones of antelopes, this lack of literature and skeletons proved 
to be so great a handicap that when I had an opportunity to visit Africa with 
one of Dr. Leakey’s expeditions, in 1931, arrangements were made to collect 
Recent skeletons as well as fossil bones. 

By special permission of H.M. Government in the Mandated Territory of 
Tanganyika, a series of skeletons of the antelope fauna of the Olduvai region, 
a part of a preserved area, was assembled by the members of the Expedition, 
chiefly by Capt. J. R. H. Hewlett, well known for his skill as a hunter and for 
his knowledge of the fauna. 

The collection comprises eight species, Coke’s Hartebeeste [Alcelaphus cokes 
(Giinther)], Blue Wildebeeste [Gorgon taurinus (Burchell)], Klipspringer 
[Oreotragus oreotragus (Zimmerman)], Steinbok [Raphicerus campestris (Thun- 
berg)], Dik-Dik [Rhynchotragus kirki (Giinther)], Impala [Aepyceros melampus 
(Lichtenstein)], Thompson’s Gazelle [Gazella thompson Ginther], and Grant’s 
Gazelle, which includes Robert’s Gazelle, [Gazella grantt Brooke]. 

Stress is here laid on the anatomical rather than on the metrical characters 
for two reasons. First, no two authors agree as to the correct method of 
measuring bones, and none of them takes into account the fracture and abrasion 
of prominent parts often undergone by fossils ; secondly, fossil bones are generally 
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broken and metrical methods are inapplicable. Another reason for omitting 
detailed measurements is that statistical methods call for many more skeletons 
than were at my disposal; moreover, the statistician cannot begin his work 
until the systematist has identified the specimens to be measured. To this 
extent, at least, the anatomical descriptions are fundamental. 


II. SYSTEMATIC. 


All the humeri are described first, and then the femora. It is convenient 
to refer to the various species by their vernacular names ; the technical names 
are given above. Letters in italics thus (a) correspond to the letters on the 
drawings. 


Il a. Humerus. 


COKE’S HARTEBEESTE. (Fig. 1, A.) 


Lateral tuberosity very high, anterior portion curved medially over bicipital 
groove, much taller than medial tuberosity ; antero-medial margin relatively 
sharp. Area of insertion of long tendon of infraspinatus muscle (a) sub- 
triangular with rounded corners ; superior margin straight or slightly concave, 
with hinder end near the upper border of the posterior portion of the tuberosity, 
from which point it passes forwards and slightly downwards; anterior and 
posterior margins of insertion gently convex; entire area slightly elevated, 
gently convex, smooth over most of its surface, but concave and somewhat 
roughened in its upper third. 

Insertion of supraspinatus to anterior portion of lateral tuberosity concave, 
with very irregular surface. Much wider in front than behind, where it is very 
close to the postero-superior border of the insertion of the infraspinatus. 

Bicipital groove in two parts, separated by a broad, low, gently convex ridge. 
Medial limit formed by the medial tuberosity, much lower than the lateral. 

Medial tuberosity divided into two by a very broad, shallow groove continuous 
with the fossa in front of the head. Medial surface of anterior portion with 
vertical oval outline ; it receives the insertion of the superficial fibres of the 
supraspinatus. Posterior portion of the tuberosity with a well-defined elongate 
muscle-scar passing downwards, backwards, and outwards, to which the tendon 
of the subscapularis is inserted : insertion double, the lower portion separated 
from the larger upper portion by a low ridge. 

Deltoid tuberosity (d) at lower end of sharp ridge forming the upper part 
of the humeral crest, not very strong ; little more than a slight local thickening 
of the ridge. Above and behind it, at about the middle of the ridge, is another 
somewhat more prominent thickening for the insertion of the teres minor (6). 

Teres tubercle lanceolate in outline, with a broad rounded lower end and 
a pointed upper end, which is produced as a rough line to the lower end of the 
insertion for the subscapularis. A similar line passes from the lower end of the 
tubercle downwards and slightly backwards to the medial epicondyle. Surface 
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of tubercle rough, divided into a smaller anterior portion, which is more or less 
concave, and a larger posterior portion, which is slightly convex. 
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Fie. 1.—Lateral aspect of right humerus of (A) Alcelaphus coket (Ginther) and 
(B) Gorgon taurinus (Burchell). 
a, insertion of infraspinatus; 6, insertion of teres minor; ¢, origin of triceps; d, deltoid 
tuberosity ; e, origin of extensor carpi radialis; f, pit for lateral ligament; g, origin 
of ulnaris lateralis. 4 nat. size. 


Area of origin of extensor carpi radialis (e) is a semicircular roughened area, 
with its convexity directed forwards, which is situated at the lower end of the 
shaft above the lateral condyle, and in front of the supinator crest. 
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Attachment of lateral ligament deeply concave (f), with a high sharp 
posterior margin. Area of origin of ulnaris lateralis (g) immediately below 
and behind. It faces downwards and backwards and is bounded in front by 
an incised line. 

Pit for medial ligament small, relatively well defined, with athickened posterior 
border. Area for tendons of origin of flexor muscles very irregular, though 
clearly indicated ; divided into two by a prominent tubercle. The larger 
anterior portion is for the flexor carpi muscles, and the smaller posterior 
portion for the flexor digiti muscles. 


BLUE WILDEBEESTE. (Fig. 1, B.) 


Summits of lateral and medial tuberosities of equal length. Antero-medial 
margin of lateral tuberosity very sharp. Outline of insertion of long tendon of 
infraspinatus (a) not well defined, somewhat irregular. Degree of elevation 
slight, surface slightly roughened, almost flat, no true concavity in upper third. 

Insertion of supraspinatus to anterior portion of the lateral tuberosity relatively 
broad, deeply excavate, twisted on its long (antero-posterior) axis. 

Floor of bicipital groove sloping away sharply from the medial to the lateral 
tuberosity. Divided into two unequal parts, of which the lateral one is the larger 
and deeper, by a narrow rounded ridge. 

Medial tuberosity without a groove on its medial surface. Insertion of 
superficial fibres of supraspinatus not marked by any special feature. Insertion 
of subscapularis of uniform width, not divided by a ridge. 

Deltoid tuberosity (d) well marked, stronger than in the Hartebeeste. Tubercle 
for insertion of teres minor (b) distinct. 

Teres tubercle oval, not lanceolate ; superior and inferior rough lines broader 
and more diffuse. Surface of tubercle rough, uniformly convex. 

Origin of extensor carpi radialis (e) resembling that of the Hartebeeste, 
but not so distinct. 

Attachment of lateral ligament (f) to lateral condyle gently concave, facing 
more outwards than forwards ; posterior margin blunt and rounded. Area 
of attachment of ulnaris lateralis (g) faces backwards to a greater extent than 
in the Hartebeeste, and truncates the inferior margin of the epicondyle more 
abruptly. 

Attachment of medial ligament larger and more diffuse. Tubercle dividing 
the insertion of the flexor muscles very low, not prominent. 


KLIPSPRINGER. (Fig. 2, A.) 


Humerus long, slender, laterally compressed. Lateral tuberosity anterior 
to the head, very large and massive. Fossa between lateral tuberosity and head 
extending from lateral margin of bone to outer margin of bicipital groove, 
not reaching medial tuberosity. 

Lateral tuberosity divided into two distinct parts by a broad notch in its 
proximal margin. Medial margin blunt and rounded. Insertion for long 
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tendon of infraspinatus (a) raised, vertical, narrow, sinuous, and smooth, 
encroaching on to the upper surface of the tuberosity. 

Insertion of supraspinatus very large, convex in all directions ; it occupies 
the whole of the proximal surface of the tuberosity and equals, if it does not 
exceed, the insertion of the infraspinatus in size. 

Bicipital groove narrow, not divided; medial margin sharp. Medial 
tuberosity very small in proportion to the lateral. No signs of any insertion 
of a medial portion of the supraspinatus. Insertion of subscapularis very 
oblique, passing backwards, downwards, and outwards. 

Deltoid tuberosity (d) elongate and strong; situate on a very sharp ridge, 
which curves upwards and backwards without forming a tubercle for the teres 
minor. ‘T’. minor apparently inserted to a faint scar between the ridge and the 
lower end of the insertion of the infraspinatus. 

Teres tubercle relatively large, elongate, and roughened ; not well defined. 
Consistently with the change in position of the lower end of the scar for the 
subscapularis, the upper rough line passes in a curve upwards and backwards. 
Lower line following the usual course backwards and downwards to the medial 
epicondyle. Tubercle hardly raised above the level of the shaft ; it conforms 
to the general curvature of the surface of the shaft. 

Origin of extensor carpi radialis (e) a roughened incised area directed forwards, 
with its long axis sub-parallel to the supinator crest. 

Attachment of the lateral ligament (f) concave, shallow, with a sharp elevated 
posterior margin. Origin of ulnaris lateralis (g) faces directly downwards ; 
it is almond-shaped, with the broader end anterior, and is markedly convex in 
all directions. 

Pit for the medial ligament at the summit of a low eminence ; it is small, 
has a relatively sharp posterior margin, and faces slightly forwards. Insertions 
of the flexor muscles forming two groups: a sub-circular, slightly concave 
area on medial surface of condyle, immediately below the pit for the medial 
ligament, is for the mm. fl. carpi ulnaris et radialis ; a narrow, oval, convex area 
on the infero-lateral surface of the epicondyle is for the mm. fl. digiti superficialis 
et profundus. 

STEINBOK. (Fig. 2, B.) 

Shaft of humerus rounded, not compressed; lateral tuberosity on the 
antero-lateral margin of the head very large and massive. Fossa between it 
and the head resembling that of the Klipspringer. 

Lateral tuberosity with anterior portion very much larger than the reduced 
posterior portion ; dividing notch very shallow. Medial margin blunt and 
rounded. Insertion of infraspinatus (a) triangular with two of the sides equal ; 
situated on the hinder margin of the posterior portion. 

Insertion of supraspinatus large, irregular, less concentrated than in the 
Klipspringer. 

Bicipital groove fairly wide, with a flat floor divided by a low, narrow, 
scarcely appreciable ridge. 
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Medial tuberosity small but strong, with a low eminence on its medial surface. 
Insertion of supraspinatus not distinct. That of subscapularis concave, 
oblique, twisted on its long axis, and merging into the neck. 

Deltoid tuberosity (2) large and prominent, situated on a very sharp ridge 
which passes up to an extensive ill-defined insertion for the teres minor. 

Teres tubercle large, rather diffuse, roughened; high up on the shaft. Rough 
lines not very clear. That above the tubercle little more than an accentuation 
and slight upward production of the posterior margin; that below passing 
downwards and forwards on to the anterior surface of the shaft, where it is 
soon lost. 

Origin of extensor carpi radialis (¢) long, shallow, concave, curved behind, 
straight in front, occupying most of the surface of the supinator crest. 

Attachment of lateral ligament to lateral condyle (f) fairly deep and extensive; 
bounded posteriorly by a thickened ridge which passes up to the lateral margin 
of the coronoid fossa. 

Origin of wlnaris lateralis (g) pear-shaped, pointed end directed anteriorly 
and laterally ; origin facing downwards and slightly backwards. 

Pit for medial ligament relatively deep. Area of origin of flexor carpi 
muscles facing downwards and backwards; separated from origin of digital 
flexors, which face inwards and downwards, by a strong tubercle. 


DIK-DIK. (Fig. 2, C.) 

Humerus slender, compressed laterally above, Lateral tuberosity antero- 
lateral in position. Fossa between head and lateral tuberosity greatly reduced ; 
neither roughened nor provided with vascular foramina, only extending to 
outer margin of bicipital groove. 

Notch dividing upper margin of lateral tuberosity small, well defined. 
Medial margin of tuberosity blunt, rounded. Insertion of infraspinatus (a) 
oval, subvertical, with long axis directed slightly backwards, just passing 
on to proximal surface of the tuberosity. Insertion of supraspinatus large, 
convex, closely resembling that of the Klipspringer. 

Bicipital groove shallow, wide, with sharp medial margin. Floor of groove 
very gently convex, not divided by a ridge. 

Medial tuberosity with concave outer margin. A slight tubercle at the 
proximal end of the bicipital groove may represent the insertion of the medial 
portion of the supraspinatus. Insertion of subscapularis very oblique, slightly 
concave, passing backwards, downwards, and outwards; no definite division 
into two parts. 

Deltoid tuberosity (d) strong in proportion to size of bone, situated on a strong 
ridge which passes forwards much more markedly than usual. Insertion of 
teres minor not distinct ; apparently large and situated just below and behind 
that of infraspinatus. 


Teres tubercle relatively large ; both it and the associated rough lines diffuse 
and indistinct. 
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Fic. 2.—Lateral aspect of right humerus of (A) Oreotragus oreotragus (Zimmerman), 
(B) Raphicerus campestris (Thunberg), (C) Rhynchotragus kirki (Gimther), 
(D) Aepyceros melampus (Lichtenstein), (E) Gazella thompsoni Gimnther, 
(F) G. granti Brooke. 


Index letters as in fig, 1. $ nat, size, 
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Origin of the extensor carpi radialis (e) closely resembling that of the Klip- 
springer. 

Attachment of lateral ligament (f) concave, shallow, with blunt elevated 
posterior margin. 

Origin of ulnaris lateralis (g) facing backwards and downwards; viewed 
from the side, it truncates the epicondyle. 

Pit for medial ligament small, shallow, distinct, with thickened inferior margin. 
Insertion of the flexor carpi muscles relatively deep, facing downwards and 
medially. Insertion of flexor digiti muscles facing downwards and slightly 
outwards, separated from the flexor carpi group by a rounded ridge. 

The thin wall of bone separating the coronoid and olecranon fossae is generally 
perforated by a large hole. In one or two individuals the hole was small, 
as though made by a pin, but it was never entirely absent. 


IMPALA. (Fig. 2, D.) 

Anterior portion of lateral tuberosity very stout, subtriangular in cross- 
section, with pronounced medial curvature and overhang of bicipital groove. 
Antero-medial margin blunt and rounded. Insertion of infraspinatus muscle (a) 
subtriangular, mainly on the anterior portion of the tuberosity, impressed, 
not elevated, somewhat roughened, superior and anterior margins raised and 
thickened, posterior margin passing into the smooth, relatively small, cartilage- 
covered, posterior portion of the tuberosity. 

Anterior and posterior portions separated by a wide shallow notch in the 
superior margin. Insertion of the supraspinatus deeply excavate, irregularly 
oblong. 

Floor of bicipital groove convex, not divided. Medial margin not much 
elevated above floor of groove. Fossa in front of head beginning behind notch 
separating anterior and posterior portions of lateral tuberosity and continuing 
across the bone over the top of the medial tuberosity down on to its medial 
surface, except for a distance of about 3mm. near the lateral edge of the bicipital 
groove. 

Anterior portion of medial tuberosity bounded by well-defined ridges passing 
downwards and forwards. Insertion of subscapularis passing downwards and 
backwards ; facing backwards and slightly outwards in its upper half, but 
outwards in the lower half ; not divided by a ridge. 

Deltoid tuberosity (d) relatively strong and prominent, situated on a low, 
broad, rounded ridge which passes upwards to the hinder margin of the lateral 
tuberosity. Insertion of teres minor (b) at the top of the ridge immediately 
below posterior part of the tuberosity ; rough, subcircular, concave. 

Teres tubercle a cordiform roughened area, with its apex pointing down- 
wards ; superior margin obsolete, the other two margins relatively distinct. 
Upper rough line connecting tubercle and insertion of subscapularis faint, 
but lower line fairly well marked. 

Origin of extensor carpi radialis (e) long, narrow, very strong, roughened 
with incised inner margin ; it faces anteriorly. | 
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Attachment of lateral ligament (f) deeply excavate, with sharp, slightly 
sinuous, posterior margin which becomes thickened and blunter as it passes 
up on to the upper surface of the condyle. Origin of ulnaris lateralis (g) 
a scalene triangle with the apex pointing forwards ; it faces downwards, back- 
wards, and slightly inwards. 

Pit for medial ligament fairly large and deep with a sharp posterior margin ; 
it faces forwards and outwards. Flexor carpi muscles inserted to a smooth 
area facing medially and slightly downwards, and passing over inferior margin 
of medial epicondyle, forming a shallow notch, to merge with the downwards 
and laterally facing area for the flexor digiti muscles. 


THOMPSON’S GAZELLE. (Fig. 2, E.) 


Lateral tuberosity mainly consisting of a large anterior part not very strongly 
hooked. Antero-medial margin relatively sharp. Insertion of infraspinatus (a) 
a broad oval, more than half of which extends on to the lateral surface of anterior 
portion ; smooth, elevated above the general surface of the bone, with its long 
axis approximately horizontal. Posterior portion of tuberosity very small. 

Insertion of supraspinatus mostly smooth ; irregularly puckered behind. 

Bicipital groove with distinct, slightly elevated, medial margin. Floor 
divided into a deeper, broader, lateral portion and a shallower, narrower, 
medial portion by a broad, low, convex ridge. 

Lesser tuberosity with medial face divided into a larger, slightly convex, 
vertical, ovate, anterior portion, and a smaller, triangular, concave, posterior 
portion. Insertion of subscapularis broad, divided into two not very distinctly 
separated portions, of which the upper faces upwards, medially, and backwards, 
whereas the lower, which faces medially, passes downwards and backwards, 
and in its lowest part curves underneath the head. 

Deltoid tuberosity (d) strong and prominent. Ridge for triceps (c) strong 
and distinct, but insertion of teres minor (b) not clearly marked. ‘Teres tubercle 
roughly oval, slightly elevated anteriorly. Rough line indistinct or suppressed 
above the tubercle, somewhat diffuse below. 

Origin of extensor carpi radialis (e) long, rather irregular, depressed or 
incised ; it faces forwards. 

Pit for lateral ligament (f) deep, with high, sharp, crescentic posterior margin. 

Origin of ulnaris lateralis (g) not well defined, though bounded anteriorly 
by an incised line. It truncates the inferior margin of the epicondyle. 

Pit for medial ligament shallow and small, with blunt thickened posterior 
margin. Immediately below is an extensive area which notches the lower 
margin of the epicondyle, and to which the flexor carpi muscles are attached. 
Origins of flexor digiti muscles face downwards and laterally ; separated from 
the flexor carpi muscles by a low ridge. 


GRANT’S GAZELLE. (Fig. 2, F.) 


Although this species agrees with Thompson’s Gazelle in its general characters, 
there are certain differences which are constant in the material examined, 
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(i) Insertion of supraspinatus to hook of greater tuberosity concentrated, 
truncating the tip of the hook. In Thompson’s Gazelle the tip of the hook 
is not truncated. 

(ii) In Grant’s Gazelle the floor of the bicipital groove is flat or deeply 
concave ; the division by a convex ridge greatly reduced or absent. 

(iii) The concave posterior portion of the medial face of the lesser tuberosity 
is much greater than the anterior portion. Fossa in front of the head always 
extends across the bone between the bicipital groove and the head. 

(iv) Insertion of subscapularis narrow in its lower two-thirds; separated 
from the head by a more or less roughened area as broad as, or broader than, 
the insertion itself ; not passing underneath the head. 

(v) Teres minor inserted to a distinct tubercle. 

(vi) Origin of ulnaris lateralis concentrated and distinct. 


II 6. Femur. 


The femur is much more uniform in its details than the humerus, and the 
task of separating femora which belong to distinct species of about the same size 
is more difficult than that of separating the humeri. 


COKE’S HARTEBEESTE. (Fig. 3.) 


Head relatively long transversely. Fovea capitis circular ; deep, with tumid 
margin, behind ; shallow, with less distinct margin in front ; junction of the 
two types of margin marked by a distinct tubercle above and below. Insertions 
of the glutaeal muscles marked by three scars, two above, one below. Lateral 
scar of the upper two narrow, tongue-like, vertical, impressed, directed anteriorly, 
situate on the antero-lateral surface of the bone; it (h) is for the glutaeus 
accessorius. Immediately below and medial to it is the ill-defined, circular, 
roughened tubercle for the glutaeus profundus (j). The third and most internal 
of these scars is raised, concave above, convex below, large, and somewhat 
irregular in outline. 

Superior and posterior margins of the great trochanter almost straight, 
practically at right angles to each other. Anterior margin curved ; lower 
portion swept strongly backwards, and sharply defined. Immediately below 
the rearmost portion of the curve is the sharp margin of the insertion of the 
glutaeus accessorius, so that the lateral aspect of the trochanter is R-shaped, 
with the letter facing to the right in the right femur, and to the left in the other. 

Linea aspera double. Lateral line continues a ridge which passes down from 
the postero-superior angle of the trochanter and swings gently inwards to a point 
some distance below the lesser trochanter. There it swings outwards and, 
becoming thicker as it passes downwards, merges into the outer margin of the 
plantar fossa. Medial line starts on the anterior surface of the shaft at the 
neck, passes first medially, then backwards and downwards to the base of the 
trochanter minor, whence it sweeps sharply inwards and downwards, and 
approaches to within six or eight millimetres of the lateral line. It then passes 
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Fie. 3.—Lateral aspect of right femur of Alcelaphus cokei (Gimther). 

h, insertion of glutaeus accessorius ; j, insertion of glutaeus profundus ; /, origin of lateral 
head of gastrocnemius; m, plantar fossa, origin of superficial digital flexor ; 0, pit 
for lateral ligament; p, pit for origin of popliteus; 7, extensor fossa for common 
origin of long digital extensor and peroneus tertius. 4 nat. size. 
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gently outwards, and finally swings in again to end below the most proximal 
point of the plantar fossa. Plantar fossa (m) directed backwards and downwards. 
Lateral crest of trochlea sharp, higher than medial crest, except in its anterior 
portion. Trochlear groove moderately deep. 
Curvature of shaft such that a straight line joining the most anterior point 
of the head and the medial trochlear ridge passes about 5 mm. in front of the 
most anterior point of the shaft. 


BLUE WILDEBEESTE. (Fig. 4.) 


Head relatively long transversely. Fovea capitis circular, deep above and 
behind, becoming shallower below and in front ; margin tumid and distinct 
throughout ; no tubercles. Glutaeal scars, except that for g. accessorius (h), 
indistinct ; that for g. profundus (7) irregular. 

Lateral surface of great trochanter wide from back to front. R-shape not 
distinct. 

Lateral rough line relatively straight, only slightly curved. Medial line not 
approaching nearer than 15 mm. to the lateral line in the adult, without any 
pronounced curvature until the extreme end, when it turns in almost at right 
angles to meet the plantar fossa, leaving a very wide smooth space at the top 
of the groove for the femoral vessels. Plantar fossa (m) directed outwards and 
backwards. 

Trochlear groove wide, relatively shallow. 

Line joining the head to the median trochlear ridge passing from 10 to 15 mm. 
in front of the shaft. 


KLIPSPRINGER. (Fig. 5, A.) 


Head nearly hemispherical, not greatly produced transversely. Fovea 
capitis large, irregular, roughly a wide oval with the long axis in an antero- 
superior, postero-inferior position; margins relatively sharp. Glutaeal 
insertions marked by distinct, closely approximated scars ; that for g. acces- 
sorius (h) relatively narrow with sharply defined margins, that for g. profundus 
(j) oval, flat, and fairly smooth. Both directed forwards and outwards, situated 
on the lateral surface. 

Viewed from the lateral side, the great trochanter is roughly square. Anterior 
and posterior margins carried downwards to give an impression of height and 
narrowness. R-shaped, clearly defined, but clumsy. 

Lateral rough line only slightly curved, separating the lateral and posterior 
surfaces of the shaft, hardly encroaching on the latter, and following the curva- 
ture of the shaft. Medial line relatively straight ; separated from the lateral 
line by a space of at least 5mm. Groove for femoral vessels very wide 

Plantar fossa (m) short, wide, fairly shallow ; widely separated from the 
tubercle for the medial head of the gastrocnemius. It faces outwards and 


backwards. 'Trochlear groove deep ; medial ridge blunter than lateral: both 
notably sharp. : 
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Line joining head to median trochlear ridge passes one or two millimetres 
in front of the shaft. 


WN 
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Fig. 4.—Lateral aspect of right femur of Gorgon taurinus (Burchell). 
Index letters as in fig. 3. 4 nat. size. 
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STEINBOK. (Fig. 5, B.) 


Head short ; fovea capitis circular with slightly raised margin. Insertion 
of g. accessorius (h) narrow, very distinct ; that of g. profundus (j) very large, 
larger than either of the others, impressed rather than elevated. 

Lateral surface of great trochanter relatively narrow. R-shape not distinct. 

Curvature of lateral rough line slight. Medial line making its closest approach 
to the lateral just below the lesser trochanter, and continuing directly down- 
wards from below that point. Lower extremity of medial line indistinct, but 
apparently turning sharply to join the lateral line a few (3-5) millimetres above 
the plantar fossa. 

Trochlear groove deep, with lateral and medial crest about the same height. 

Lines joining the head to the medial crest passing about 3 mm. behind the 
most anterior point of the shaft. 


DIK-DIK. (Fig. 5, C.) 

Head not greatly produced transversely. Fovea capitis subcircular, shallow, 
without raised margins. Glutaeal scars indistinctly separated from each other. 

Lateral surface of great trochanter high and narrow. Owing to the position 
of the glutaeal scars, the R-shape is not developed in this species. 

Lateral rough line practically straight. Medial line strongly curved below 
lesser trochanter, almost uniting with the medial line at about the middle of 
the shaft, then diverging and joining the plantar fossa at its widest point. 
Groove for femoral vessels narrow. 

Plantar fossa (m) very shallow; directed backwards and only slightly 
outwards. 

Medial ridge of trochlea sharp. Trochlear groove fairly deep. 

Line joining head and medial trochlear crest passing about 5 mm. behind 
the most anterior point of the shaft. 


IMPALA. (Fig. 6, A.) 

Head produced laterally. Fovea capitis an oval pit with long axis practically 
vertical and somewhat tumid margins. Scar for g. accessorius (h) very distinct, 
situated well back at about the centre of the lateral surface of the trochanter : 
that for the g. profundus (J) circular, slightly elevated, much less distinct. 

Lateral surface of great trochanter strongly sculptured ; anterior margin of 
the R very strong and sharply marked. 

Both rough lines on hinder surface of shaft. Lateral line slightly curved. 
Medial line making its nearest approach (3-4 mm.) to the lateral just above 
the middle of the shaft, continuing thence directly downwards; lower end 


indistinct. Plantar fossa (m) of medium depth, directed downwards and 
backwards. 


Trochlear groove wide, moderately deep. 


Line joining head to median trochlear crest passing a few (38-4) millimetres 
behind the most anterior part of the shaft, 
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Fig. 5.—-Lateral aspect of right femur of (A) Oreotragus oreolragus (Zimmerman), 
(B) Raphicerus campestris (Thunberg), (C) Rhynchotragus kirki (Ginther), 
(D) Gazella thompsoni Giinther. 


Index letters as in fig. 3. 4 nat. size. 
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THOMPSON'S GAZELLE. (Fig. 5, D.) 
Head produced transversely. Fovea capitis very large and shallow ; shape 


and surface for ligament irregular. Glutaeal insertions separable, not sharply 
defined. 


Fig. 


6.—Lateral aspect of right femur of (A) 


Aepyceros melampus (Lichtenstein) 
and (B) Gazella granti Brooke. 


Index letters as in fig. 3. 4 nat. size. 
Insertion of g. accessorius (h) 
clumsy, not so distinct. 

Lateral rough line almost straight. 
lateral line above the middle of the s 


at the relatively narrow groove for the 


not so far back as in J mpala ; R-shape more 
Medial line strongly deflected to meet 


haft, then diverging again, and ending 
femoral vessels. 


\s 
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Plantar fossa (m) long, not very wide, directed forwards and backwards ; 
separated from tubercle for medial head of gastrocnemius by a very narrow 
groove. 

Trochlear groove fairly wide and deep. Medial ridge much more salient 
than the lateral. 

Line adjoining head to medial trochlear crest passing 2-3 mm. behind most 
anterior point of shaft. 


GRANT’S GAZELLE. 


Femur heavier and more clumsy than in preceding species. Main differences 
are in the great trochanter, which is not so clearly R-shaped ; in the median 
rough line, which passes directly outwards immediately below the lesser 
trochanter, and which joins the medial margin of the plantar fossa at the 
point where the fossa is widest ; and in the fossa (m) itself, which is wider, 
shorter, and more outwardly-facing. 

Trochlear groove wide, relatively deep ; lateral ridge sharp, slightly sinuous ; 
medial ridge more salient than the lateral. 

Line joining head to medial trochlear crest passing just in front of most 
anterior part of shaft. 


III. GENERAL OBSERVATIONS. 

There are certain general observations which may be drawn from these 
descriptions. First, that there is much more to be described in a humerus 
than ina femur ; that it is easier to identify a humerus thana femur. Secondly, 
that the proximal end of a long bone is easier to identify than the distal end. 

This observations suggested an examination of other long bones, not only 
of the antelopes, but also of the other animals collected. The result may be 
stated briefly as follows :— 


(i) In any mammal, the bones of the fore limb are more characteristic than 
those of the hind limb. 

(ii) In any long bone, the proximal end is more characteristic than the 
distal. 

(iii) In any limb, the nearer the bone is to the trunk, the more characteristic 
it is, i.e. the humerus is more characteristic than the radius, and the radius 
than the metacarpal ; and similarly for the hind limb. 


This is due, in part at least, to mechanical factors. It is well known that the 
hind limbs play the chief part in propulsion ; that, whereas the function of the 
fore limbs is to retain the ground gained, the real driving force comes from the 
hind limbs. This accounts for much of the uniformity of structure of the hind 
limbs within a group. 

The second and third rules seem to be even more directly due to mechanical 
causes. A limb may be regarded as three rods placed end to end, the lowest 
rod being subjected to blows, or impulses, in an upward direction. It is clear 
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that the blow at the bottom of the lowest rod is slightly diminished in passing 
upwards. Some of the energy is absorbed. The loss of energy in the first 
rod means that the energy applied to the second rod is less than that of the 
original blow, and that still less energy is transmitted to the third. When the 
end of the third rod is reached the residual energy is absorbed in different 
ways according to the limb under consideration. In the case of the hind limb, 
energy is conveyed to the pelvis and the trunk through the acetabulum, whereas 
the energy transmitted through the fore limb is finally passed on through the 
the surrounding muscles. This will help to explain why the differences between 
the upper ends of the humeri are greater than those between the upper ends of 
the femora, since the forces acting on the femur are more uniform than those 
acting on the humerus. 

What underlies these differences is obscure. Take, for example, the 
insertion of the infraspinatus muscle in two species usually regarded as fairly 
close relations, the Impala and the Gazelle. In the first, this area is impressed, 
not elevated, and somewhat roughened ; in the second, it is elevated and 
smooth. If this is assumed to be due to special adaptation and differen- 
tiation, it is natural to enquire what difference there may be between the habits 
of the two animals. Both are usually regarded as * steppe animals’, but, 
whereas the Impala keeps more to thorny scrub, the Gazelle prefers the wider 
expanse of the grassy plains. There are no great differences between the types 
of ground over which the animals run. The Impala, however, is not only hidden 
from its foes by the bushes, but approaching foes are hidden from it. To obtain 
a clear view of the surrounding country it has developed a habit of jumping 
high into the air, both from a running and from a standing start. The Gazelle 
can jump, but rarely does so; neither is it so accomplished a performer as 
the Impala. Here is a difference which might account for the difference in 
structure. 

Such a conclusion immediately gives rise to difficulties ; for the Klipspringer, 
whose very existence depends on jumping, has the smooth elevated type of 
insertion, and one is immediately faced with the need for an explanation of why 
the same muscle should have a different type of insertion in two animals, the 
Impala and the Klipspringer, which both have the same habit of jumping. 
To say that the Impala mostly runs, whereas the Klipspringer mostly jumps, 
is insufficient, for the Gazelle, which so seldom jumps, is much nearer to the 
Klipspringer in this character than it is to the Impala. 

Another view of the same problem is to suggest that perhaps the Impala 
and the Gazelle are not so closely related as is generally supposed. According 
to this view, the humerus should be regarded as the most primitive of the long 
bones, and the others as becoming more specialised in order—femur, radius, 
tibia, metacarpal, metatarsal. The increasing specialisation has taken place 
along a line of convergent adaptation. This is the reason why the humerus 


has been selected as the standard when calculating the proportions of the 
limbs. 
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IV. LIMB PROPORTIONS. 


The series of skeletons examined is not long enough for detailed statistical 
purposes ; nevertheless, the following table, which shows the proportions of 
the limbs, is of interest. The numbers in Roman type are the lengths of the bones 
in millimetres ; those in italics are the proportional lengths when the humerus 
is taken as a standard length of 100. 
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In a recent paper on the European Bison, Koch (1932) has taken the length 
of the femur as 100; reasons for preferring the humerus are given in the 
preceding section. Experiment proved that for practical purposes it is 
immaterial which bone is selected, since the conclusions are the same in 
each case. 

All the individuals in the table are fully adult, with the epiphyses united 
to the shafts. Young and immature animals have been omitted so as to avoid 
complications arising from varying stages of growth. In general, the proportions 
of the young animal resemble those of the adult female more closely than those 
of the adult male. 

If the series were longer it would be possible definitely to establish sexual 
differences in the proportions of the limbs. This may be deduced from the 
measurements of the six skeletons of Grant’s Gazelle, in which species the 
metacarpal, tibia, and metatarsal are longer in the female than in the male ; 
hence the female Gazelle has longer limbs than the male. The Dik-Dik appears 
to reverse this arrangement, for, of the skeletons quoted, the female has shorter 
limbs than the male. 

Another interesting point is the manner in which the lengths of the limbs 
vary in accordance with the weight of the animal and the nature of the country 
which it inhabits. The eight species under consideration may be arranged 
thus :— 


eae Wildebeeste. i} 
Pees Hartebeeste. Skee 
Impala. Tass an 
Medium 2 Grant’s Gazelle. open scrub. 
‘** } 'Thompson’s Gazelle. 
Steinbok. 
Klipspringer More or less 
Lach ieee ee Dik.Dik. : Ser Staind 


Their average proportions, irrespective of sex, are shown in the following 
table, in which they are arranged in the same order ;— 
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It is at once evident that the lighter the animal, the longer the metacarpal 
and the bones of the hind limb, but that this does not apply to the last three 
species which dwell on rocky ground. In their case the various sections of the 
limbs become progressively shorter as the ground becomes more rocky. The 
Steinbok lives on the plains at the edge of the Olduvai Gorge, but takes refuge 
in the scrub on the rough upper slopes ; the Dik-Dik lives mainly among the 
less precipitous cliffs, but ventures out on to the plains at nightfall; the 
Klipspringer is almost entirely confined to the walls of the gorge, and rarely 
goes out on to the plains. 

The shortness of the metapodials in climbing and scrambling animals has 
been pointed out by Andrews (op. cit.), who quotes Winge as another observer 
of the same fact (see also Winge, 1924). Neither author, however, appears to 
have noticed that the shortening is not confined to the metapodials, but extends 
to other bones as well. The table shows that among the animals examined, 
secondary adaptation to life among the rocks is at least as potent a factor 
in giving rise to relatively short limbs and bones as an increase in size and 
weight. 

This has a direct bearing on the subject of differences in proportion due to 
sex. It has been shown that, whereas the female Gazelle has longer limbs 
than the male, there is reason to suppose that in the Dik-Dik the female has 
the shorter limbs. The females of both species are relatively defenceless, the 
Gazelle has reduced horns, the Dik-Dik none at all, and their safety depends 
solely on the speed with which they can run away from danger. A pure plains- 
dweller, the Gazelle, achieves the necessary increase in speed by increasing 
the length of the limbs ; the climbing animal, the Dik-Dik, does exactly the 
opposite ; the shorter limb is the more efficient for climbing, and hence the limbs 
of the female Dik-Dik become shorter than those of the male. 


APPENDIX. 


A slight extension of the study of the sexual differences in limb-proportions 
was made by calculating those of the wild horses (zebras, asses, &c.) in the 
Zoological Department of the British Museum from measurements originally 
compiled for comparison with those of the fossil zebras from Olduvai. It was 
found that the metatarsal of the male is always shorter than the humerus, 
whereas in the female it is longer. To check this I wrote to Professor E. 
Bourdelle in Paris, asking him to verify the sex of the skeletons of L. przewalski, 
E. hemippus, and EL. hemionus, of which he had published the measurements 
without stating the sex (Bourdelle, 1932 a, 6; 1933). Professor Bourdelle 
most kindly replied that my forecasts of the sex were correct in each case, 
that the skeletons were—Z. przewalskii 2, E. hemippus 9, HL. hemionus 3. 
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Extinct Pleistocene mollusca from Lake Edward, Uganda, and their bearing 
on the Tanganyika problem. By V. E. Fucus, M.A., Sedgwick Museum, 
Cambridge. (Communicated by Dr. E. B. WortHtncTon, F.L.S.) 


(PLaTEs 1-3 and 4 Text-figures) 
[Read 29 October 1936] 


INTRODUCTION. 


The fossils described in this paper were collected by the author during the 
course of the Cambridge Expedition to the East African Lakes, 1930-1. The 
leader, Dr. E. B. Worthington, has given a general account of the expedition 
in the ‘ Geographical Journal’ (Worthington, 1932) and in his book ‘ Inland 
Waters of Africa ’. 

It was owing to the generous financial assistance of the Government Grants 
Committee of the Royal Society that the writer was able to accompany the 
expedition. 

The first specimens from the Kaiso deposits of Lake Edward were discovered 
by Mr. J. 8S. Coates in 1909. It was not till 1924 that Mr. E. J. Wayland, 
Director of the Geological Survey of Uganda, made a large collection of fossils 
of similar date and preservation from the country around Kaiso on the east 
of Lake Albert. Both these collections were described by Mr. L. R. Cox of the 
British Museum (Natural History), in a publication of the Geological Survey 
of Uganda (Cox, 1926). 

The mollusca of the Kaiso deposits of Lake Albert and Lake Edward are 
of interest because of the large numbers of extinct species in an assembly of 
Pleistocene age, while the known Miocene deposits of Central Africa have been 
shown to contain a majority of living species (Newton, 1910). 

Recent geological work in East Africa has shown that during the Pleistocene 
there occurred two major wet periods separated by one of extreme aridity 
(Wayland, 1934). The latter caused the drying up of Lake Edward and the 
consequent extinction of the aquatic fauna. This is borne out by the remains 
of crocodile and the giant Nile Perch (Lates sp.) which are found fossil in the 
Kaiso deposits round Lake Edward, but do not at present live in the lake 
(Fuchs, 1934). The living molluscan fauna is similar to that of the Nile basin, 
and has no representatives of the curious fossil forms from the Kaiso beds. 
This present-day fauna entered the lake from outside areas when the basin 
was once more filled by the second wet period, and during which a series of 
deposits containing this later fauna were formed. These were described by 
Martens (1897) and by Germain (1912) and (1916). 
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The molluscan fauna of the Lake Edward Kaiso deposits. 


The majority of the specimens collected by the author were taken from one 
of two localities, Kazinga at the south-west end of the Kazinga Channel, and 
the ironstones exposed in the cliff about 2 miles along the shore, to the north- 
east of the source of the Semliki River. 

At Kazinga an extensive collection was made from the several ironstone 
horizons exposed there (Fuchs, 1934). It was only in the lower ironstone 
lenses that a gastropod fauna was found, and, since the deposits were probably 
fairly quickly formed, it seems better to treat the fossils as though they were all 
from one horizon. The variation series remarked upon occur in each ironstone 
lens at Kazinga, and it is impossible to differentiate the specimens of one from 
another. The more remarkable species such as V. carinatus, V. edwardianus, 
and V. semlikiensis were collected from the ironstone bands to the north of 
the Semliki source where the commoner types of the Kazinga deposits do 
not occur. Unfortunately the fossiliferous horizons near the Semliki were 
only discovered during the last few hours spent in the region and it was 
impossible to make a thorough collection. I have no doubt that interesting 
types not only of mollusca but also of mammalia still remain to be found by 
future collectors. 

Where measurements of gastropods are given in this paper, the ‘ height’ 
is measured along the axis of the shell, and the ‘ width’ along a line at right 
angles to that axis. 


GASTROPODA. 
Family VIVIPARIDAE. 


Genus Vivrearus (Montfort). 


VIVIPARUS CARINATUS, sp. n. (PI. 3, figs. 11 & 12; text-fig. 1.) 

Description.—Shell large, spire gradate ; whorls five, with pronounced rib, 
sloping shoulders ; fine striae retrocurrent to medial rib ; sutures channelled. 
Aperture narrow, ovate, slightly oblique; umbilicus very narrow, almost 
covered, Apical angle 52°. Width/height ratio 63 per cent. 


Heighti seers cc cey eee -. 37 mm 
Widthit.’ See eae eee 24-5 mm. 
Aperture? Helghtwa. acc. vem ee nee 17 mm. 
Widths ieee 2 ot ee ae ee 12-5 mm. 


Locality.—Lake shore cliff 2 miles north of the Semliki source, Belgian Congo. 

Material.—Type from the lower ironstone ; two small specimens from the 
upper ironstone (Fuchs, 1934). 

Remarks.—One or two very fragmentary and corroded specimens collected 
by Wayland from Kaiso, Lake Albert, are probably referable to this species, 
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A single broken specimen figured by Cox (1926, pl. viii, figs. 10 a & b), but not 
specifically named, seems related to this species by reason of the strong carina. 


Fic. 1.—Viviparus carinatus, sp. n. 


Tf this is so, it must represent a more advanced form, as the carina is even more 
prominent and is at the middle of the whorl. 


VIVIPARUS EDWARDIANUS, sp.n. (PI. 3, figs. 9 & 10; text-fig. 2.) 

Description.—Shell medium size, perforate, spire gradate; whorls straight- 
sided, the shoulders bearing pronounced spines, a marked carina appears on 
the lower part of the last whorl, but is almost covered in the earlier ones, the 
surface of the whorls covered with very fine oblique striae. Suture channelled. 


Fra. 2.—Viviparus edwardianus, sp. n. 


Aperture ovate, oblique, narrowing anteriorly. Umbilicus apparent, though 
slightly covered by reflexed lip of aperture. Apical angle 48°. Width/height 
ratio 72 per cent. (approx.). 


Holotype (Pl. 1, Height ....-........+++-.0e. 35:3 mm. 
fig. 10): INV Tb alee eet i tetae.n Sugino ia, 3a 25-6 mm. 
Aperture : Plein Get eee ays iste. oo Ts, * 16-6 mm. 


WAGROM 6 sn peldcoot hn ARO cee e-EoM Tatale 
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Locality —From the upper ironstone horizon north of the Semliki source, 
Belgian Congo. 

Material.—Four specimens. 

Remarks.—This is considered to be a very advanced form of Viviparus. 
Potadoma ganahli Connolly (Connolly, 1930), from Kaiso, Lake Albert, bears 
some resemblance to it, but the Lake Edward specimens show no characters, 
other than the spines, which could suggest their belonging to the Cerithiidae. 
Connolly describes the spines of P. ganahli as becoming less marked near to the 
aperture. In V. edwardianus the opposite is the case, the most prominent 
spine occurring on the upper margin of the aperture. 


VIVIPARUS SEMLIKIENSIS, sp.n. (PI. 1, figs. 10 & 11; text-fig. 3.) 


Description.—Shell rather large, spire gradate, about 4-43 whorls with sloping 
shoulders and pronounced median depression ; fine sculpture showing angle 


Fie. 3.—Viviparus semlikiensis, sp. n. 


at each margin of the median depression. Aperture oblique, narrow, elongate ; 
not fully known. Umbilicus nearly covered. Apical angle 41°. Width/ 
height ratio 60 per cent. 


Holotype (Pl. 1, Height (apex worn) ........... 37-7 mm. 
fig. 10) : Width (aperture incomplete) ... 22:5 mm. 
Aperture : Height ceiete en ers ee one 17-3 mm. 
Width (2) v0 cea ce ten eee 11-5 mm. 


Locality—From the upper ironstone north of the Semliki source, Belgian 
Congo. 

Material.—Two rather poor specimens, much corroded, but showing charac- 
teristic features. 

Remarks.—A single fragmentary specimen from Wayland’s Kaiso collection 
bears some resemblance to this species. When further material has been collected 
it may be found that variations of V.semlikiensis have the upper and lower borders 
of the median depression produced into strong carinae, and that in some the 


upper carina bears tubercles at intervals. Such a shell would resemble 
V. edwurdianus, 
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VIVIPARUS NODULOSUS, sp.n. (PI. 2, figs. 1-16.) 

Description.—Shell medium size, spire gradate ; about 44 whorls with almost 
horizontal shoulders, the sides sloping inwards towards the base. The upper 
edges of the later whorls have a tendency to form small nodules. Ornamenta- 
tion consists of fine oblique growth-lines. The two most advanced forms of 
the species are similar with the exception of the width/height ratio, which may 
be as little as 57 per cent. (Pl. 2, fig. 11) or as much as 77 per cent. (fig. 16). 
Umbilicus very narrow. Aperture oval and slightly oblique. 


Poloty per Ply 2.io nL) SCHeightst. ccs ecces yas he 6 a's 28-0 mm, 
VV CLE Lien een seen cones olds! ahets 21-5 mm. 
Aperture (restored) : EP OUGH Ua Sito ct sg seuss ste 13-7 mm. 
VV aC timer te terns sis eels ee < 10-0 mm. 


Locality —Kazinga Channel, Lake Edward, Uganda. 

Remarks.—The inward slope of the whorl sides and the nodular tendency 
of the upper margins of the whorls are taken to be the most important charac- 
teristics of this species. Further material from the Kaiso deposits may show 
that this species should include more advanced forms. The series of shells 
figured represent the extremes of variation at present known. PI. 2, figs. 1-8 
show a tendency for the whorls to become more rounded and to have a marked 
shelf on the upper margin. Sometimes the inflation of the upper part of each 
whorl resulted in such types as Pl. 2, figs. 9-16. Another variable character 
is found in the tendency of the aperture to become more oval than rounded, 
but there is never any suggestion of an anterior canal as in Neothauwma. In 
what may be considered the most advanced forms the width/height ratio varies 
from nearly 80 per cent. to under 60 per cent. In them there is a tendency 
to produce nodules (as opposed to spines) along the upper margins of the 


whorls (Pl. 2, figs. 11-16). 


‘VIVIPARUS ’,? sp.n. (PI. 1, fig. 16.) 

Description.—Shell small, spire tall ; about 73 whorls slightly inflated, orna- 
mented with fine spiral striae. Aperture incomplete, but inner lip reflected, 
almost obscuring umbilicus. Width/height ratio 52 per cent. 


Shell (restored) : (RIOTS hee Deno Opp anes 25-0 mm. 
WIA WAGE oe coc cme re ace 13-0 mm. 
10-0 mm 


Aperture (restored) : Height .............-.. 
VWRTGRA NS Chee crop ypies romens 6-0 mm. 


Material.—A single specimen from Kazinga, Lake Edward. 

Remarks.—This is the only specimen from among the many hundreds collected. 
It appears to belong to the genus Viviparus, but does not seem to be related 
to any other forms from the same deposits. There is some resemblance to the 
genus Cleopatra, and in particular to C. ferruginea (Lea) which is also found 


in the same deposits. Thus the general size of the shell, aperture, and the type 
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of striae are similar. On the other hand, the whorls are too numerous, are 
less inflated, and have more sloping shoulders, together with more deeply 
indented sutures. 

In this specimen an accident during life caused a deep bifurcated depression 
in the body-whorl. 

Though definite classification must be withheld till further material is 
available, it is of interest to notice yet another form peculiar to the early 
Pleistocene of Lake Edward. 


VIVIPARUS TURRIS var. CONCAVUS, nov. (PI. 2, figs. 23-27.) 

Viviparus turris Cox, 1926,° The Geology and Palaeontology of the Kaiso Bone Beds, 
Uganda Protectorate’, Geol. Survey Dept. Occasional Paper, no. 2, pl. viii, 
figs. 8 a—b, pp. 59. 

Description—Medium-sized shell, conical, elongate, perforate ; whorls 
about 54 with flattened concave sides; ornamentation, fine regular growth- 
lines, oblique and sinuous. Aperture, small ovate, oblique, inner and outer 
lips joined by callous. 


Height. Width. 
Shell (holotype, Pl. 2, 31-0 mm. 19-0 mm. 
fig. 27) : 32-5 mm. 18-0 mm. 
Aperture (holotype): 12-5 mm. 11-0 mm. Both 
13-0 mm. 10-0 mm. restored. 


Width/height ratio between 55 and 60 per cent. 


Material—aA large number of specimens from the Kazinga deposits, Lake 
Edward. ; 
Remarks. 


Except that they are perforate, the specimens figured in Pl. 2, 
figs. 19-21 are typical of V. turris Cox, but from the very large series at hand 
it is possible to trace a gradual change from types like Pl. 2, figs. 17-18 to those 
like Pl. 2, figs. 26-27. In the latter the sides of the whorls are definitely 
concave, and the width/height ratio of the spire has greatly decreased. Were 
it not for the large number of specimens representing intermediary stages 
of the variation series it is probable that such a specimen as shown in Pl. 2, 
fig. 27, would have been described as a new species. This could not now be 
justified, but for purposes of reference it seems desirable that a varietal name 
should be used for perforate forms in which there can be no doubt of the 
concavity of the whorl-sides. It is possible that further collecting from Kaiso 
deposits will reveal even more accentuated forms of this variety. 

The four specimens illustrated on Pl. 1, figs. 17-20, are thought to belong to 
the Viviparus turris group. Figs. 17 & 18 might be young forms of that species 
itself, but fig. 19 and still more fig. 20 can neither be placed in that species 
nor referred to the varietal series V. turris var. concavus. Until greater numbers 
of specimens similar to fig. 20 have been found another varietal name is not 


justified, but these specimens serve to call attention to another possible 
variation series of V, turris. 
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Genus NEoTHAUMA Smith. 


NEOTHAUMA DUBIUM (Cox). (PI. 1, figs. 1-9; Pl. 3, figs. 3-5.) 

Viviparus (Neothauma) dubius Cox, Uganda Protectorate Geol. Surv. Dept. Occa- 
sional Paper, no. 2, p. 65, pl. viii, figs. 4, 9a & b. 

Material.—A large number of specimens from Kazinga, Lake Edward. 

Remarks —In his description of Viviparus (Neothauma) dubius, Cox was 
unable to figure or describe the aperture of the species because the preservation 
of his material was not sufficiently good. Fortunately, a number of specimens 
from the Lake Edward deposits have the apertures preserved (Pl. 1, figs. 6-8). 
These show that he was quite correct in suggesting that the aperture would 
prove to be sharply produced anteriorly. Having established this character it 
seems desirable that the species should be placed in the genus Neothawma, 
because, as Cox said, the establishment of that character would confirm its 
position in the genus. For comparison a living N. tanganyicense is illustrated 
mE). 1, fie. 12. 

From a discussion of the question by Pilsbury and. Bequaert (1927) it now 
appears that the numerous species of living. Neothauma described from Lake 
Tanganyika should all be included in the one species .V. tanganyicense (Smith). 
The original naming of the various species was due to lack of realisation of the 
variability within the species. 

In the case of the fossil forms from Lake Edward and Lake Albert it seems 
that the species was also very variable, but it is certain that it should be 
separated from N. tanganyicense on the strength of the points brought out by 
Cox when describing Viviparus (Neothauma) dubius. 

Added to these the apertures of NV. dubiwm, shown in PI. 1, figs. 6, 7, 8, are 
even more acuminate anteriorly than those of specimens of N. tanganyicense 
with which they have been compared. For purposes of comparison in the 
present paper, two aspects of NV. tanganyicense together with similar views of 
N. dubium are figured, Pl. 8, figs. 1-4. Viewed from the left side of the shell 
at right angles to the aperture, the fossil and modern forms are remarkably 
alike in the straight projection of the apertural edge below the spire. The 
figures comparing the umbilical views show a striking resemblance in the 
way which the umbilicus is overlapped by the lip of the aperture. 


Genus CLEOPATRA Troschel. 


CLEOPATRA FERRUGINEA (Lea). (PI. 1, figs. 13 & 14.) 
Melania ferruginea Lea, 1850, Proc. Zool. Soc. p. 182 (no figure). 
Paludomus ferrugineus Smith, 1881, Proc. Zool. Soc. p. 294, pl. eS fig. 29. 
Cleopatra ferruginea Martens, 1897, Deutsche-Ost-Afrika, Band iv, Taf. vi, fig. 30. 
Cleopatra cf. ferruginea Lea, 1926, Uganda Prot. Geol. Surv. Dept. Occasional 
Paper, no. 2, p. 65, pl. viii, figs. 5a & b. 
Material—Sixteen specimens from the Kaiso deposits at Kazinga. Lake 


Edward, me 
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Remarks.—A single specimen from Kaiso was compared by Cox to C. ferruginea 
Lea, but he thought that further specimens might show the fossil form to be 
a new species. The sixteen specimens from Kazinga show variations of the 
degree of flattening of the whorls and the angularity of the periphery continuing 
the final suture ; characters that were suggested by Cox as differing from both 
C. ferruginea Lea and CO. africana Martens. The only other differences from 
these two species (thought by Smith to be only variations of one species) are 
smaller size and possibly somewhat more strongly marked growth-lines, neither 
of which seem of very great importance. The specimen figured shows the 
aperture of one of the Kazinga specimens, which compares almost exactly 
with that figured by Smith. 

The measurements of three restored specimens are :— 


Shell ee Heigiita. se aaenres ani 21-4, 18-0, 21-5 mm. 
Widthisere ocemr ie 12-3, 11-0, 11-8 mm. 


Family AMPULLARIDAE. 


‘“SAULEA’,?sp.n. (PI. 1, fig. 15; text-figs. 4a, b,c.) 
Material—Nine casts, one having a portion of the shell remaining. These 


specimens are part of Wayland’s collection from Kaiso, Lake Albert, now 
deposited in the British Museum. 


Fie. 4a.— Saulea’,? sp. n. 
Kia. 4b.—Ditto. 
Kia. 4.¢.—Ditto. 


Description.—Conical shell with broad, short, non-gradate spire. Whorls 
flattened or slightly concave, the periphery of the last strongly carinate. 
Ornamentation : upper surface of body-whorl reticulate striae, underneath 
spiral striae only. Aperture unknown. 

From the partially preserved specimen it is evident that the original shell 
was unlike the form shown by the casts (fig. 4a), but more conic and having 
a strong carina (figs. 4b, 4c). The drawing, text-fig. 4b, is taken from the 
same specimen as the photograph, Pl. 1, fig. 15. | 


Shells Height, 7.2... eee 31 mm. approx. 
Width << .75V, og eee 28-5 mm. 


» 
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Remarks.—The material is not sufficiently well preserved for the description 
of a new species, but it seems desirable to put on record any form that is peculiar 
to the Kaiso deposits. 

Apart from the dextral form, the casts at first sight resemble Lanistes 
carinatus (Olivier), but the spires are not quite so depressed as in Lamnistes 
and the base of the last whorl is more produced. 

It is difficult to assign these specimens to a particular genus, but, following 
Pilsbry and Bequaert’s Key to the Genera and Subgenera of Ampullaridae, 
one reaches the conclusion that these snails must be referred to one of the 
two genera Pila or Saulea, because of their dextral form. Owing to the thin- 
ness of the preserved shell, the angular form of the whorls, and the fact that 
the umbilicus was evidently very much reduced, it seems more suitable to place 
them provisionally in the genus Saulea. 


LAMELLIBRANOHIATA, 


Family UNIONIDAE. 


Genus UNIo. 


Unio (GRANDIDIERIA) ABRUPTUS, sp. n. (PI. 3, figs. 6-8.) 

Description.—Shell small, thick, rhomboid ; inflated to a variable degree. 
Umbones prominent, boss-shaped, and situated on the anterior margin. Con- 
centric striae on the surface. One very prominent divided tooth in the right 
valve, and one very long posterior lateral in each valve. Pallial line simple, 
anterior adductor scar very deep ; posterior adductor unknown. 


Thin Inflated 

form. form. 
Bengt (LeStOLed\ eaiiase ces oe +s 26-0 mm. 21:7 mm. 
Height (maximum) .....6is...> 17-0 mm. 13-0 mm. 
iaOterare crete cote © take ws sles eas 9-0 mm. 11-5 mm. 


Locality —Kazinga, Lake Edward, Uganda. LEarly Pleistocene. 

Material—Several complete specimens and a number of single valves. 

Remarks.—This species bears a resemblance to some living Grandidieriae 
of Lake Tanganyika, in that the shell is small, rhomboid, and solid. Also there 
appear to be two forms, one more inflated than the other (Pilsbry and Bequaert, 
1927). On the other hand, there is no zigzag sculpturing on the umbones, which 
are located far nearer the anterior border than in any described species of 
Grandidieria. 

The Grandidieriae, which are now confined to Lake Tanganyika, are said by 
Pilsbry and Bequaert to bear some resemblance to Parreysia, but they also 
say that the genera Parreysia, Coelatwra, and Cafferia are difficult to separate, 
because the soft parts are insufficiently known. It therefore seems desirable 
that the older and all-embracing name Unto should be retained for fossil 


forms. 


102 MR. V. E. FUCHS ON EXTINCT PLEISTOCENE MOLLUSCA 


Unio (GRANDIDIERIA) MWAYANUS, Sp. 0. (Pl. 8, figs. 13-15.) 

Description—Shell small, thick, rounded ; hinge-line arcuate. Umbones 
high, situated anteriorly, curving forward and inward. Ornamentation of 
concentric striae only. Left valve, two long pseudo-cardinal teeth and deep 
posterior-lateral socket. Right valve, one rather prominent triangular tooth 
and one very strong posterior lateral. Pallial line simple, anterior muscle-scars 
very deep, posterior scars unknown. 


Length (restored) .......sseeesererees 18-0 mm. 
Height? oo ia rset nner tree eee . 13-8 mm. 


Locality —Kazinga, Lake Edward, Uganda. Early Pleistocene. 

Material—Two right and two left valves. 

Remarks.—This species is undoubtedly a true Grandidierta and resembles 
U. tanganyicensis Smith (Smith, 1880) to some extent, but the umbones in 
that species are not so prominent, nor do they reach beyond the anterior 
border of the shell as in U. mwayanus. In this species, like U. abruptus, 
there are no radial striae. The prominent curved umbones distinguish it 
from U. abruptus in which they appear merely as bosses on the anterior margin 
of the shell. 

The species is named after the Mwaya Peninsula at the north end of Lake 
Edward, where the specimens were found. 


CONCLUSION. 


From the point of view of faunal distribution, the importance of the fore- 
going lies in the evidence it supplies for some link between the ancestors of the 
early Pleistocene fauna of Lake Edward and Lake Albert and those of the 
apparently exotic fauna of Lake Tanganyika to-day. Thus the existence of the 
genus Neothawma outside Lake Tanganyika is for the first time confirmed. Unio 
abruptus and U. mwayanus are related to the Grandidieria of Tanganyika, 
while Pliodon sp., described by Cox from Kaiso, belongs to a genus known 
to-day only from Tanganyika and West Africa. Added to this, the general 
characters of the early Pleistocene Lake Edward and Lake Albert fauna were 
peculiar to those lakes in the same way as that of Lake Tanganyika is peculiar 
to itself to-day. The Viviparids produced a variety of carinate and tuberculate 

forms, which, together with that remarkable species Cleopatra bifidicincta Cox 
and Tiara brevissima Cox, are not known from elsewhere. 
On examination of the physical geography of the area in early and_pre- 
Pleistocene times one finds that the Mfumbiro (Virunga) Range had not then 
been formed across the Rift (Coombe and Simmons, 1933). There was there- 
fore no Lake Kivu at that time, as it was formed in the late Pleistocene by 
Lee Roun ponding back the south-flowing streams (Worthington, 
1932 Oct.). Therefore the rivers running into Lake Edward from the south, 
and into Lake Tanganyika from the north, rose on either side of the same 
watershed. In ignorance of the past levels of Lake Tanganyika it is not 
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possible to say whether that lake could have overflowed its northern end and 
so formed a direct link with the lakes in the north part of the Rift Valley. 

The following is a brief suggestion of what may have been the faunal history 
of the Lake Tanganyika—Lake Albert area during early and pre-Pleistocene 
times :— 

Granting on the evidence of the mollusca that there was some faunal connec- 
tion between Lake Tanganyika and the combined Lakes Edward and Albert 
in the early Pleistocene, it is clear that the early Tanganyika fauna occupied 
the central African province before the Nilotic fauna invaded the area from the 
north. The peculiar fact of the former’s survival in Lake Tanganyika alone 


Kaiso mollusca found in the 
Lake Edward—Lake Albert region. 


Albert. Edward. — 
VCE Cues CHATS os dr ogoe oo oe x x 
TQ hiQiiie } Seaos 6800 Gastee os 
UN TUS sos RIG & 818 Rameliece olhie 30) oe x x 
QOUTTVOLND. 5-0 5 eae owen OS oe it x 
| —— edwardranus ............- SENG) 
semlikiensis ......+...+5-- | 
——— OMULOSUS ae sinaicls » s)shele ow « Ts ~ 
————ENICOLOM” feist ieee end eaienees © x 
WCB QUIRES” T3O6 co Oho cb enods ore x 
INGOANC ITO CNOUHS 65 100 a080000e s< x 
| Potadoma ganahli ......+..+++- ~ s< () 
Cleopatra bifidicincta .........-- x : 
Tiara brevissuma .......+.--+-+- x 
I SCMHOG? DIO cou. steo bownacacde x 
Unio (Grandidieria) abruptu .... me Me 
—— (——) mwayanus ......+.. ae x 
== CHUA) GO censcocsons x 
Pliodon sp. ..-1+++ +++ eeeeee- Xx x 
Mutela (Mutelina) sp.........-- ag 
Aetheria ellaptica .............- Me 


can be explained by supposing that the early mid-Pleistocene period of aridity 
destroyed all the rest of the aquatic molluscan fauna of the region. Tanganyika 
is to-day over 4,700 ft. deep, whereas all the other lakes of the Rift system, 
with the exception of Nyasa (2,600 ft.), are at present under 500 ft. in depth 
and have probably never been deeper than 1,500 ft. Lake Tanganyika would 
therefore take a very much longer time to dry up, and it seems certain that 
it never did so completely. re 

In the past Moore (1899, 1901, 1903) suggested a marine origin for the Thalas- 
soid fauna of Lake Tanganyika. He thought that an arm of the Jurassic sea 
was cut off and gradually freshened by the inflowing rivers. It seems to me 
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that a prolonged period of aridity such as that of the mid-Pleistocene could 
cause evaporation and an increase in salinity of the water, thereby providing 
similar conditions. The arrival of the later wet period would refill the lake 
basin once more and so bring about the return of freshwater conditions. 

If the suggested events took place they would explain the absence of true 
Thalassoid forms from the Kaiso fauna, for they may only have evolved under 
the peculiar conditions that obtained during the dry period, when the ancient 
Lake Edward and Lake Albert had already disappeared. The numerous fossil 
mollusca whose distribution is confined to the Kaiso deposits of Lake Edward 
and Lake Albert might therefore be regarded as an evolutionary expression 
of conditions similar to those that gave rise to the Thalassoid forms of Tangan- 
yika. The latter have, however, continued their evolution long after the faunas 
of Lake Edward and Lake Albert were exterminated by the drying up of the 
lakes in which they lived. 

At present Lake Tanganyika, Lake Edward, and Lake Albert all have outlets, 
and it is therefore of no value to consider the salts contained in their waters 
with reference to past conditions. Nevertheless, it is interesting to note that 
the majority of the Central African lakes whose waters are saline have a high 
percentage of sodium bicarbonate and very little sodium chloride. In the 
Lake Edward and George region, however, there are two crater lakes, Katwe 
and Bunyampaka (Kasenyi), that yield commercial quantitites of sodium 
chloride, their waters being saturated solutions of this with minor quantities 
of other salts. Around Lake Albert there are numerous points from which 
salt (NaCl) is obtained, notably Kibero and Buhuku (Wayland, 1926). 

In explaining the origin of this salt Wayland has suggested that it is brought 
to the surface by springs of primary origin. It is therefore conceivable that this 
salt is dissolved out of the deposits through which the primary water passes. 
At Katwe and Kasenyi the craters have been blown through deposits of Kaiso 
age, and it is possible that the drying up of the early Lake Edward and Lake 
Albert gave rise to deposits of sodium chloride in the Kaiso series. 

The basins of the natron lakes of Central Africa, such as Rudolf, Hannington, 
Nakuru, Elementeita, Magadi, and Natron are surrounded almost entirely 
by volcanic rocks, of which the majority are alkaline rich types—in particular, 
rhyolites, commendites, and andesites, all of which are a prolific source of 
alkaline carbonates. 

On the other hand, in the Lake Tanganyika—Lake Edward—Lake Albert 
section of the western Rift Valley, the areas of volcanic rocks are extremely 
small and were nearly all erupted in post-middle-Pleistocene times. The 
origin of such salts as were deposited during the mid-Pleistocene dry periods 
was therefore almost entirely confined to the rocks of the Basement-Complex, 
i.e. gneisses, schists, and the new granites. Such rocks, which are rich in 
lime, are a source of chlorides and calcium carbonate (Clarke, 1924). The latter 
is now found in large quantities as a precipitate limestone, as a cementing 
medium of sandstone , or as tufa or ‘ Kunkar ’ deposits. Also in the clays and 
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sandstones of Kaiso age in the Lake Edward basin, selenite and bands of 
fibrous gypsum occur. 


The sodium chloride being extremely soluble would not be found in the present 
exposures owing to the solvent action of surface waters. 

It therefore seems possible that when the lakes of the western Rift Valley dried 
up in the arid period of the early Pleistocene, their waters became increasingly 
saline. That salinity gave pseudo-marine conditions and not natronous lakes 
like those of the eastern rift. If it could be shown that such conditions are 
able to influence the degree of ornamentation of mollusca*, then there is no 
longer any necessity to look to the Jurassic, or any other sea, for the origin 
of the extraordinary Tanganyika fauna. 
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PLATE 1. 


Figs. 1-9. Neothawma dubiwm (Cox). 


Figs. 10, 11. Viviparus semlikiensis, sp. 0. 


Fig. 12. Neothawma tanganyicense Smith (Recent). 


Figs. 13, 14. Cleopatra ferruginea (Lea). 


Fig. 15. ‘ 
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Fig. 16. ‘ Viviparus? sp. 


Figs. 17-20. Viviparus aff. turris Cox. 
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PLATE 2. 
Viviparus nodulosus, sp. n. 
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Viviparus turris Cox. 
Viviparus turris var. concavus, nov. 
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Additions to the Trombidiid and Erythraeid Acarine Fauna of Australia 
and New Zealand. By H. Womurstey, A.L.S., F.R.E.S. 


(With 12 Text-figures) 
[Read 29 October 1936] 


SINCE my ‘ Revision of the Trombid and Erythraeid Mites of Australia ’ 
(Rec. South Australian Museum, 1934) the following species have passed 
through my hands. Many of the specimens have been of my own collecting, 
but I am indebted for much Australian material to Mr. S. L. Allman, whose 
collection from New South Wales was submitted to me by Mr. Gurney, Ento- 
mologist, of the Department of Agriculture, Sydney. For the New Zealand 
specimens I am indebted to Mr. E. D. Pritchard of Brookby, Manurewa, 
Auckland. 


TROMBIDIIDAE (adults). 


Genus NeorromBium Leonardi, 1901, 


NEOTROMBIUM BARRINGUNENSE Hirst, 1928. 

In my previous paper (loc. cit. p. 185) I was only able to refer to the type- 
specimen. The species can now be recorded from the following localities :— 

Long Gully, Mt. Lofty Ranges, South Australia, 12 May 1934 (H. W.). 

Bathurst, New South Wales, 31 May 1934 (S. L. A.). 


Genus MIcROTROMBIDIUM Haller, 1882, s. str. 


MIcROTROMBIDIUM AFFINE Hirst, 1928. 
Now recorded as not uncommon in the Adelaide district of South Australia. 
A further specimen was amongst Mr. Allman’s material, collected at Bathurst, 


New South Wales, 27 May 1934 (S. L. A.). 


MICROTROMBIDIUM ZELANDICUM, sp. n. (Fig. 1, a-e.) 

Description —Length 1810. Crista normal. Eyes two on each side, 
rather small and sessile. Legs: i 2100p, ii 1010, ii 940, iv 1810; front 
tarsus three and one-third times as long as high, almost parallel-sided, 4801 by 
145 ,, metatarsus 320 long. Palpal tarsus elongate, tibia with an anterior 
accessory claw and an inner claw arising from near base of tarsus. Dorsal 
setae uniform, 30 long as figured. Colour (in spirit) white, in life probably 


red. 
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Fig. 1.—Microtrombidium (Microtrombidium) zelandicum, sp. n. 


a, outline ; b, crista and eyes; c, palp; d, front tarsus and metatarsus ; e, dorsal seta. 


Fic. 2.—Microtrombidium pritchardi, sp. n. 


a, outline ; 6, crista ; c, palp ; d, front tarsus and metatarsus ; e, dorsal seta. 


ACARINE FAUNA OF AUSTRALIA AND NEW ZEALAND 109 


Locality —Pukekarura Creek, Niger Bay, Manurewa, Auckland, New Zealand, 
31 December 1932 (EZ. D. P.). One specimen. 

Remarks.—This species is very close to M. westraliense mihi, but differs in 
size, more elongate form, dimensions of front tarsi, structure of the palpal 
tarsi, and the dorsal setae. 


MICROTROMBIDIUM PRITCHARDI, sp.n. (Fig. 2, a-e.) 

Description —Length 1,540, width 1,190, widest before the middle. 
Colour red. Eyes two on each side, sessile, on distinct plates, the anterior 
eye the larger. Legs: i 1,470p, ii 900, iii 980, iv 1,540; front tarsus 
310 by 112, metatarsus 210 long. Crista normal. Dorsal setae uniform, 
small, broad and pointed, finely ciliated, only a little longer (16) than their 
pits are wide (cf. fig. 2, ¢). 

Locality —Davies Bush, Brookby, Manurewa, Auckland, New Zealand, 
17 May 1934 and subsequently (LZ. D. P.). 

Remarks.—The dorsal setae are characteristic, and distinguish this species 
from any other Australian or New Zealand forms. It appears to be very 
close to and may possibly be identical with M. fuscicomum Berlese 1910. 
The dimensions of the front tarsi, however, are different from those given by 
Berlese. 


Subgenus ENEMOTHROMBIUM Berlese, 1912. 


MICcROTROMBIDIUM (ENEMOTHROMBIUM) SIMILE Hirst, 1928. 

A number of specimens referable to Hirst’s species were collected on Flinders 
Chase, Kangaroo Is., South Australia, in December 1934. 

This species is apparently very close to M. (H.) subrassum Berlese and 
M. (E.) calycigerum Berlese, differing in that the basal collar of the dorsal 
setae is more finely denticulate. Berlese (‘ Redia’, 1912, p. 176) separates his 
two species on the number of external spines on the fourth segment of the palp. 
In subrassum he gives this as three, and in calycigerum as five. In the specimens 
of simile before me the number of these spines varies from one to five. 


MiIcROTROMBIDIUM (ENEMOTHROMBIUM) VICTORIENSE mihi, 1934. 

A considerable number of specimens of this species was taken on Flinders 
Chase, Kangaroo Is., South Australia, in December 1934, along with the preceding 
and succeeding species. ; 

Examination of this material shows that the species is closely related to 
M. (M.) hystricinum Can. (Vitz.), from Java, but that it differs in size, 
dimensions of front tarsi, and the smaller dorsal hairs. 


MicROTROMBIDIUM (ENEMOTHROMBIUM) CYGNUS, sp.n. (Fig. 3, a-e.) 

Description —Length 1,260, width 7004. Colour reddish. Crista normal, 
tapering from the sensillary area to the apex, with the sensillary area at the 
posterior end, Hyes two on each side, sessile or almost so, very small, with 
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the posterior lens much smaller than the anterior. Legs shorter than the 
body, front tarsus 220 by 99, metatarsus 132 long. Dorsal hairs uniform, 
of peculiar structure, 16 high, somewhat like the head of a swan, the length 
of the head being 21. Fourth segment of palp without external spines, 
tibia with strong apical claw, a strong subapical one, and a series of six to seven 
smaller ones behind this. 


Fria. 3.—Microtrombidium (Enemothrombium) cygnus, sp. n. 


a, palp ; b, crista and eyes; c, front tarsus and metatarsus ; d, dorsal seta, side view ; 
e, dorsal seta from above. 


Locality —A single specimen taken along with the two preceding species 
“As i eg a ° . - ioe F * 
under a fallen log at the Ravine, Flinders Chase, Kangaroo Is., South Australia, 
December 1934. 


Remarks.—A very distinct species in the characteristic dorsal hairs. 


Genus TrompBicuna Berlese, 1905. 
TROMBICULA TINDALEI, sp.n. (Fig. 4, a-e.) 


Description.—Length 1,180, width 700,. Colour whitish. Eyes absent. 
Crista as figured, 120 long, with a single very broad (84,) sensillary area 
situated subposteriorly, and furnished with two long, sensory hairs 100 p long ; 

~ ev ? 
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at the base of the posterior end of the crista is a transverse bar, 65 long, 
and subdivided by seven or eight cross-bars. Palpi long and slender, as figured. 
Legs very short, i 560 p, ii 350 p, iii 350 pv, Iv 490 long ; front tarsus 1404 by 
42, metatarsus 84 long. Dorsal setae Sparse and uniform, but varying 
in length from 30 anteriorly to 100 posteriorly, as figured. 


Fic. 4.—Trombicula tindalei, sp. n. 


a, outline ; 6, palp ; ¢, crista; d, front tarsus and metatarsus ; e, dorsal seta. 
? > 


Locality —A single specimen taken by Mr. N. B. Tindale under a log at the 
Ravine, Flinders Chase, Kangaroo Is., South Australia, December 1934. 

Remarks.—The structure of the sensillary area of the crista appears to 
separate it distinctly from all other known species, 
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Genus EurnromsBium Verdun, 1909. 


EUTHROMBIUM SCALARIS, sp.n. (Fig. 5, a-c.) 

Description—Length 2,400, width 900. Colour dark reddish. Body- 
shape as figured, typical of the genus, except lacking the peculiar posterior 
dorsal shield. Eyes two on each side, slightly but distinctly pedunculate. 
Crista distinct, 490 long with medial sensory area carrying two sensory hairs, 
120 long, the anterior part of the crista is very distinct, but the posterior is 
not so. No distinct nasus. Legs: i 1,820p, ii 1,120, iii 1,330, iv 1,820, ; 
front tarsus 380, by 1704, metatarsus 3504. Palps 700 long, tarsus small 
and scarcely longer than broad ; tibial claw short and strong, accessory claw 


~ 
Fie. 5.—Euthrombium scalaris, sp. n. 


a, outline ; 6, front tarsus and metatarsus ; c, dorsal seta. 


subequal, followed by a comb of spines. Body densely clothed with scale- 
like setae, 120 4 long, with finely ciliated edges. 
Locality.—A single specimen collected by Mr. E. D. Pritchard in humus 
from Davies Bush, Manurewa, Auckland, New Zealand, in September 1934. 
Remarks.—This species is placed in the genus Euthrombium with a certain 
amount of doubt owing to the lack of the characteristic dorsal shield. 


TROMBIDIIDAE (larval). 


Genus TROMBICULA Berlese, 1905. 
TROMBICULA MACROPUS, sp. n. (Fig. 6, a—c.) 


Description —Length 350, width 280y. Dorsal shield 51. long by 8lyu 
wide, anterior and lateral edges deeply concave, posterior side strongly rounded, 
furnished with two setae just posterior of anterior angles, two at posterior 
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angles, and one medially on front edge ; also with a pair of long thin ciliated 
sensory setae, the pits of which are in the middle line of the shield; the sensory 
hairs are 66 » long, the ordinary ones 59. Legs: i 264, long, ii 280 p, iii 310 p 


Fig. 6.—Trombicula macropus, sp. n. 


a, dorsal view showing rostral tube ; b, dorsal shield ; ¢, ventral view. 


The dorsal body-setae are arranged in rows as follows :—Two sublaterally, 
four medial, two sublateral, four submedial, and then a cluster of three or four 


rows of eight to ten near the posterior end of the body. The ventral setae 
8 
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are one on each coxa, a pair between coxae iii, then four submedial, two sub- 
lateral, two submedial, two submedial, and two rows of six. The dorsal 
setae are 45 p long and ciliated, as are also the ventral setae. Eyes two on each 
side widely separated, and on distinct ocular plates. The rostral tube is 
420 w long. 

Locality —Numerous specimens on the groin of a wallaby (Macropus sp.) 
from Darwin, Northern Territory of Australia, 1934 (Dr. C. Hackett). 

Remarks.—This species differs from the other Australian species, 7’. hirsti 
Sambon and 7’. novae-hollandiae Hirst in the shape of the dorsal shield and the 
arrangement of the body-setae. 


Genus ETtMULLERIA Oudemans, 1911. 


This genus was erected for a larval form which was described by Tragardh 
(Naturw. Unters. Sarekegebirge, v. 4, p. 483, figs. 218-221) as Trombidium 
sucidum Koch. In his monograph (‘ Redia’, 1912, p. 140) Berlese places the 
adult of Koch’s species as Microtrombidium sucadum (Koch). As Tragardh’s 
paper is not available to me, I am unable to state on what grounds he correlated 
the larval form with the adult. 

The following new larval form of Httmiilleria is of terest in that it was 
hatched from eggs found along with a large number of adults of M. (Hnemo- 
thrombium) victoriense Wom. and a few specimens of M. (£.) simile Hirst. 
It is somewhat uncertain, therefore, to which species the eggs belonged, 
but the evidence points to their being some species of Microtrombidiuwm 
(Enemothrombium). 

In his monograph (* Die bis jetzt bekannten Larven von Thrombidiidae und 
Erythraeidae ’, Zool. Jahrb., Supp. 14, 1912) Oudemans placed all the larval 
forms now referred to T'rombicula under Microtrombidium. If Tragirdh is 
correct in associating his larval form with Koch’s adult form, it would seem that 
Oudemans’ genus Hitmiilleria is synonymous with Microtrombidium (Enemo- 
thrombium). The finding of the eggs of the present species with adults of 
Enemothrombium further substantiates this. 


ETTMULLERIA AUSTRALIS, sp. n. (Fig. 7, a-d.) 


Description —Length 3354, width 195. Anterior dorsal shield four-sided, 
length 140, width 1544, posterior dorsal shield 704 long, 168 » wide. Legs : 
i 322, li 266, iii 294. Colour bright reddish. Dorsal surface: front 
shield wider than long, but at the shoulders it is turned under the ventral 
surface where the edge ends in a double series of teeth (cf. fig.), apparently 
not porous ; hind shield elliptical rather than six-sided ; behind this shield 
are the indications of two large, round shields from the centre of which arises 
a long hair; behind these shields are about twelve shield-like papillae each 
with a long hair. Eyes two on each side on distinct ocular plates, the anterior 
ocellus the larger. Pseudostigmal hairs two on the dorsal shield, subposterior, 
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and about three times the diameter of the pits from the lateral edges of the 
shield ; sensory hairs thin and 40, long ; in addition the dorsal shield carries 
six thickly ciliated hairs, two anterior sublateral, two sublateral and just 
behind the median line, and two at the posterior corners ; hind shield with two 
hairs ; two others not arising from papillae just outside posterior angles of hind 
shield. Dorsal hairs up to 110» long and indistinctly ciliated. Ventral surface : 
coxae with two ciliated hairs on i, one on ii and iii; on each side of the anus 
are two hairs arising from papillae ; between coxae iii is a pair of hairs on 
papillae. Mouth-parts as figured by Oudemans (loc. cit. p. 103) for E. sucidum, 
as are also the tarsi and claws (ef. fig.). 


Fig. 7.—Ettmiilleria australis, sp. n. 


a, dorsal view ; b, ventral view ; c, mouth-parts from above, and ventral shoulder- 
: . 
flaps of dorsal shield from below ; d, hind tarsus and metatarsus. 


Locality—The Ravine, Flinders Chase, Kangaroo Is., South Australia, 
6 December 1934 (NV. B. 7). 

Remarks.—These mites were hatched from eggs collected as above. They 
were found along with adults of two species, M. (H.) victoriense Wom. and 
M. (E.) simile Hirst so that it is uncertain to which adult they should be related. 
The species is very closely related to the genotype E. sucidum (Koch) Tragardh, 
differing distinctly in the arrangement of the spines on the undercurved flaps 


of the dorsal shield, ie 
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ETrmMULLERIA OBSCURA, sp. n. (Fig. 8, a-c.) 

Description —Length 350, width 2004. Anterior dorsal shield 140 long, 
126 « wide, at the shoulders only turned under slightly, and the edge of the 
flap apparently without spines; posterior dorsal shield 56 long and 1404 
wide, the sides rather pointed and the posterior edge medially deeply convex 
between the two setae. Legs: i 252, ii 238y, iii 2384 long. Eyes two on 
each side on ocular shields, and lying close to the lateral edges of the dorsal 
shield. Anterior dorsal shield with six normal setae and two pseudostigmal 
sensory setae ; the ordinary setae are arranged—a pair at the front very fine 
and small, a pair at the middle of the lateral edges, and a pair at the posterior 
corners ; the latter are about 66 long and the sensory setae 100 long ; the 


Fia. 8.—EKitmiilleria obscura, sp. n. 


a, dorsal view ; 6, ventral view ; c, hind tarsus. 


pits of the sensory setae are adjacent to the lateral edges of the dorsal shield. 
The posterior dorsal shield carries a single pair of setae 66 long. Behind this 
shield there are no other small shields, but fourteen long setae, each 66» long, 
except the apical pair, which are 117, long. Ventrally the anterior coxae 
have a pair of fine, ciliated setae, and the other coxae a single similar seta. 
Between the third coxae is a pair of fine setae scarcely on papillae. The 
spiracle on coxae i is large and circular. Mouth-parts, palps, and tarsi as 
in genus. 


Locality —A single specimen taken in moss at Glen Osmond, South Australia, 
July 1934 (H. W.). 


ACARINE FAUNA OF AUSTRALIA AND NEW ZEALAND 117 


Remarks.—Although the preparation of this specimen is not all that could 
be desired, yet the species is very distinct from either the above or E. sucidum, 
in the underlap of the anterior dorsal shield and in the posterior pair of dorsal 
setae being almost double the length of the others. 


ETTMULLERIA, sp. indet. 


A single specimen of the genus was found in material from Davies Bush, 
Manurewa, Auckland, New Zealand, sent by Mr. E. D. Pritchard in 1934. 
The preparation, however, is unsatisfactory for description. 


ERYTHRAEIDAE (adults). 


Genus ERYTHRAEUS Latreille, 1806. 


ERYTHRAEUS SERRATUS, sp.n. (Fig. 9, a-g.) 
Description.—Length 1,400 n, width 1,100. Colour reddish. Legs : shorter 
than the body except iv, which are very much longer, i 1,260p, ii 1,120p, 


Fic. 9.—Erythraeus serratus, sp. 0. 


a, dorsal view ; 0, crista and eyes; c, palp; d, front tarsus and metatarsus ; 
e, dorsal seta ; f, serrated seta from leg ; g, ordinary seta from leg. 


iii 1,260 p, iv 2,100 long ; front tarsus 2-75 times as long as high, 196 » by 70p, 
metatarsus 280p long. Palps with stout, slightly clavate tarsus, tibia with 
only a stout apical claw. Tarsus of leg i with slight scopula. Dorsal setae 
moderately numerous, short, 23 1 long, with longitudinal serrations as in fig. ; 
ventral setae fine and simple, 66 long. On the outside of the legs are some 
of the serrated setae, but most setae are stout, spine-like, and ciliated (cf. fig.). 
Crista normal. Eyes two on each side sessile and on small plates. 
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Localities —The type and three paratypes were collected by Mr. 8. L. Allman 
at Bathurst, New South Wales, 31 May 1934. <A fourth specimen was found 
at Glen Osmond, South Australia, in July 1934 (H. W.). The type and one 
paratype have been deposited in the South Australian Museum. 


Genus Lrrptus Latreille, 1795. 


Leprus oRNATUS Wom., 1934. 
Three specimens from under eucalyptus bark at Bathurst, New South Wales 


31 May 1934 (S. L. A.). 
Genus CaLyprostoma Cambridge, 1873. 


CALYPTOSTOMA PROMINENS (Banks), 1916. 
A single specimen from under fallen logs at Bathurst, New South Wales, 
in October 1932 (S. LZ. A.). 


Fie. 10.—Hirstiosoma novae-hollandiae, sp. n. 


a, crista ; b, front tarsus and metatarsus ; ¢, apex of tarsus; d, dorsal seta, sido view : 
e, dorsal seta, top view ; J, leg seta. 


Genus Hirstrosoma Wom., 1934. 


HiRSTIOSOMA NOVAH-HOLLANDIAE, sp.n. (Fig. 10, af.) 

Description.—Length 1,720, width 1,120 vw. Legs comparatively short 
pe iy, An : aa : 9 
i 1,540 Hea 1,050 p, iii 1,050 p, iv 1,260» long ; front tarsus three times as long 
as high, 210p by 70; scopulae absent; front metatarsus 280 long. Eyes 
two, one on each side, behind the middle of the crista. Crista normal (ef, fig ) 
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Tarsi rather blunt-ended, at the end arising from two terminal papillae are two 
long, stout, ciliated setae. Dorsal setae very numerous and as figured. Palpi 
as in H. scalaris Wom. 

Locality —A single specimen from Davies Bush, Manurewa, Auckland, New 
Zealand, May 1934 (H. D. P.). 

Remarks.—Close to genotype, differing in size, dimensions of front tarsi, 
and in the apical, tarsal setae being ciliated. 


Genus SPHAEROTARSUS, gen. nov. 


Characterized by the hind tarsi of the male being spherical and by the 
pseudostigmal setae being in the form of a slender, ciliated club. 
Genotype=Sphaerotarsus allman, sp. n. 


SPHAEROTARSUS ALLMANI, sp.n. (Fig. 11, a-d.) 
Syn. Caeculisoma ripicola Wom., 1934 (nymph). 


Description —Length 1,050p, width 700u. Colour red. Legs short: 
i 1,050 p, ii 630 p, ii 700, iv 980 pu long ; front tarsus 210 by 56 uw, metatarsus 


Fic. 11.—Sphaerotarsus allmani, sp. 0. 


a, crista ; 6, pseudostigmal hair from crista ; c, hind tarsus and metatarsus of male ; 
d, male genitalia. 


250 long ; hind tarsi in male almost spherical and much broader than meta- 
tarsus. Palps, crista, pseudostigmal setae, and body-setae as described for the 


nymph. 
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Locality——One adult male and three nymphs from under fallen leaves, 
New South Wales, 31 May 1934 (S. L. A.). 

Type male in the South Australian Museum. 

Remarks.—In my previous paper (loc. cit.) I placed some nymphal forms from 
Victor Harbour, South Australia, rather dubiously under Caeculisoma ripicola 
Wom., pointing out at the time the absence of metatarsal disks and the clubbed 
form of the pseudostigmal setae. The structure of the nymphal palpi was also 
very different from that of the adult of C. ripicola. The three nymphs taken 
by Mr. Allman are in entire agreement with those from South Australia, and 
his adult agrees also except in the enlarged tarsi of the male. The South 
Australian nymphal specimens, therefore, must be removed to this new genus 
and species, 


Genus CALLIDOSOMA, gen. nov. 


This genus is erected for the adult which I placed in Caeculisoma in 1934 
under the name of C. ripicola, From an examination of the drawings given 
at that time it will be seen that the structure of the palp is widely different 
from that of all other species of Caeculisoma. In that genus the palpi are long 
and slender, with a small subapical tibial claw and the tarsus termina]. In 
Callidosoma the palp is stout with the tarsus almost as large as the tibia and 
somewhat spherical, recalling that of Sphaerolophus. The tibia is not much 
longer than wide, with a stout and short, apical claw. Callidosoma, however, 
agrees with Caeculisoma in having metatarsal disks on all legs. 


CALLIDOSOMA RIPICOLA (Wom.), 1934. 
Syn. Caeculisoma ripicola Wom., 1934 (adult). 


A second specimen of this interesting species was taken by Mr. R. V. Southcott 
at Wartook, Victoria, in January 1935. 


Genus CAECULISOMA Berlese, L888. 


CAECULISOMA ARGUS Vitzthum, 1926. 
A single specimen of this species was taken under a fallen log at the Ravine, 
Flinders Chase, Kangaroo Is., South Australia, on 6 December 1934 (Hone 


ERYTHRAEIDAE (larval). 


Genus BocHartTiA Oudemans, 1910. 


BocHARTIA LONGIPES Wom., 1934. 


Two specimens on larval Homoptera at Cape de Coudie, Kangaroo Is., South 
Australia, December 1934 (H. W.) 
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BOCHARTIA OUDEMANST, sp.n. (Fig. 12, ad.) 

Description —Length 1,165, width 915 #. Dorsal shield 166, long by 
200 « wide, almost spherical, with two sensory hairs 65 long, and two pairs 
of ordinary, strongly cilated hairs, the anterior pair being almost in a line with 
the sensory hairs, the posterior pair placed laterally in the medial line. Eyes 
two on each side on distinct ocular plates and placed very wide of the dorsal 
shield. Palpi as figured, claw without ventral tooth, but with distinct dorsal 


Fia. 12.—Bochartia oudmansi, sp. n. 


a, dorsal shield and eyes; b, palp ; c, mandibles ; d, dorsal seta. 


tooth. Mandibles as figured and described by Oudemans for B. kuyperi. 
Dorsal setae more numerous than in B. longipes Wom. (120-140), strongly 
ciliated and slightly curved. Legs long and thin, front tarsi 2004 by 25 yp, 
legs : 11,250, ii 1,230, iii 1,500 long. Claws as in genus. Length of dorsal 
body-setae 83 p. . 

Locality —A single specimen from Adelaide, South Australia, 1934 (Hf poli -): 

Remarks.—Very similar to B. longipes, but distinct in the larger size and in 
the dorsal shield having only two pairs of ciliated setae. 
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The seasons in a tropical rain-forest (New Hebrides).—Part 3. Fruit-bats 
(Pteropidae). By Jonny R. Baker and Zrra Baker. (Communicated 
by Professor E. 8. Goopricu, F.R.S.) (From the Department of Zoology 


and Comparative Anatomy, Oxford.) 


(With a Text-figure) 
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INTRODUCTION. 


A full description of the remarkably small climatic changes during the year 
and a short account of the flowering and fruiting seasons in the wet tropical 
climate of Hog Harbour, Espiritu Santo, New Hebrides (15° 15’ §. in the 
Pacific) have already been given in previous papers in this series (Baker and 
Harrisson, 1936, and Baker and Baker, 1936). The present paper is con- 
cerned with the reproduction of two species of fruit-bats. The investigation 
lasted from September 1933 till August 1934, inclusive. It was made under 
the auspices of the Oxford University Exploration Club, and with the support 
of the Royal Society, the Percy Sladen Memorial Fund, the University of 
Oxford, and New College, Oxford. We wish to acknowledge the full co-opera- 
tion, in the work described in this paper, of the other members of the expedition, 
namely, Miss I. Baker, Mr. T. F. Bird, Mr. T. H. Harrisson, and Mr. A. J. 


Marshall. 
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The following figures show the extent of the investigation. Attention was 
focussed upon Pt. geddiei, as this species is much more abundant than the other, 
which was only dissected when it chanced to be brought into camp :— 


TABLE I. 
: | ; ne | 
| Males. Females. | 
| 
a = == sie a —— -—| 
| | Lowest no. Lowest no. | Total no. 
Total a | dissected | Total He dissected | dissected. 
| | oon a in any one | Aisskad in any one | 
| Ib F festiestagss sk month of | ae hers month of | 
| | the year. | the year. 
| | | 
| LT md | cS ted 
| Pteropus geddiei .. 213 9 | 165 8 378 
; | ; 
Pteropus eotinus .. 27 ee 19 46 
| 


GENERAL REMARKS ON THE REPRODUCTION OF FRUIT-BATS. 


It is not possible to assess the significance of our work on Pt. geddiei and 
Pt. cotinus without relating it to what is known about the breeding of the 
Pteropidae in general. We are not acquainted with any general account of the 
reproduction of the family, and we have, therefore, brought together what 
information we could obtain in the form of a table (Appendix I). The 
important columns are those headed * copulating season’ and ‘young born’. 
In these columns the names of the months which are not in brackets are those 
given by the authors concerned, while the months within brackets are suggested 
by ourselves, on the available evidence. In calculating the time of birth from 
a knowledge of the mating season and vice versa, we have assumed that the 
period of pregnancy in the family Pteropidae is usually about five months. 
Buffon’s correspondent in Réunion (Buffon, 1776) states that the period is 
four and a half months in Pt. niger and Pt. subniger, but the dates which he 
gives suggest five months. Our own observations, and the earlier observations 
of one of us (Baker, 1929), suggest about six months for Pt. geddiei, a large 
species. Wunderlich is stated by Andersen (1912) to give the period in the much 
smaller Rousettus leachi as considerably less (fifteen weeks from the last copula- 
tion), while Ratcliffe’s dates (1932) suggest six to six and a half months in 
Pt. poliocephalus. 

An exaggerated importance must not be attached to the table, since many 
of the observations were based on a very small number of specimens. Never- 
theless, one fact stands out, namely, that there is a general tendency for the 
young to be born about March-April north from latitude 4° N. and about 
September south from latitude 3°N. It is rather remarkable that the line 
of demarcation is not the Equator, and also that the equatorial species should 
have definite seasons corresponding with those of the species living near the 
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borders of the tropics. In general, we may say that the Pteropidae (like sheep 
and deer) tend to mate in the autumn and to give birth to their young in the 
spring, and that they seem to carry the concepts of autumn and spring into 
the tropics. The only exceptions to the rule of ‘ spring’ births are provided 
by Cynopterus brachyotis ceylonensis in Ceylon, Pt. natalis in Christmas Is. 
(East Indies), and Pt. scapulatus in Australia. A remark by Ramsay (1878) 
also gives the impression that Pt. gouldi (—Pt. funebrus) may not always 
conform to the usual rule, though Dahl’s (1897) and Ratzcliffe’s (1932) observa- 
tions make it a spring-birth species. (It must be mentioned, however, that, 
if Dahl means ‘ giving birth to young ’, and not ‘ copulating ’, by the equivocal 
word ‘breeding’, then his dates agree with Ramsay’s and disagree with 
Ratcliffe’s.) 

Great interest attaches to species which retain a single breeding season in 
the year even in the equatorial regions. If the copulating season is in the 
autumn, one might expect that near the Equator copulation would occur at 
the time of the autumn in the same (northern or southern) hemisphere ; but, 
if so, there should be six months’ difference in the breeding season on the two 
sides of the Equator! This is a paradox which has not been investigated by 
zoologists, though observations have been made on the subject in plants. 
The detailed study in the equatorial regions of a group which there retains 
a single breeding season is urgently necessary, and one of us is about to under- 
take it for the Pteropidae. The meagre information at our disposal appears 
to indicate a ‘biological Equator’ for the Pteropidae, slightly to the north of 
the true Equator. 

We venture to make a small protest against the use of those lax expressions 
which make the literature of breeding seasons so much less helpful than it might 
be. Especially we deprecate the use of the expressions ‘mating ’, ‘ pairing ’, 
‘breeding ’, and ‘female with young’. The first two words may mean either 
association in pairs or copulation. ‘ Breeding’ has no precise significance. 
‘With young’ may refer either to pregnancy, or to lactation, or merely to 
association between mother and offspring. 

In captivity also fruit-bats generally bear their young in the spring. Pteropus 
giganteus (=Pt. medius), the Indian fruit-bat, has given birth to young at 
the London Zoo on the following dates :—14 January, 31 January, 6 February, 
14 February, 18 March, 24 March, 8 May, 9 May, 14 June, 4 December, and 
19 December. Rousettus leachi A. Sm. (=Cynonycteris collaris), the South 
African fruit-bat, has given birth to young in the London Zoo on the following 
dates : 27 February, 23 March, 7 April, 19 April, 14 June, 17 July, 29 August, 
11 October. The last three dates may be taken as indicating the effect of an 
internal rhythm making for autumn copulation and spring births, retained 
after the animals’ removal from the Southern Hemisphere. The dates given 
in this paragraph are from Sclater (1870 and 1871) and from the card index 
at the Zoological Society’s office, which was used by kind permission. Kousettus 
egyptiacus has no breeding season in captivity at Giza, for births have taken 
place in all months except February, August, and December. 
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THE BREEDING SEASONS OF FRUIT-BATS AT HoG HARBOUR. 
(1) Pteropus geddiet MacG. (Native name: * Neémalap ’.) 


This is a large black fruit-bat with a bright yellow mantle. The males 
erow to considerably larger sizes than the females. The species occurs in the 
New Hebrides, New Caledonia, Santo Cruz Is., and a few other islands in the 
Western Pacific (Sanborn, C. C., 1931). The species is generally abundant at 
Hog Harbour. Some of our specimens were obtained from the mainland, 
and others from the small island off the coast called Elephant Island. The 
food consists of flowers and fruits; but, since the animal spits out the fragments 
after chewing and swallows little except the juices, it is not possible to find 
out what it feeds on by examination of the stomach contents. The latter 
consist of an unidentifiable fluid, with occasionally a seed in it. We therefore 
relied mainly on information given to us by natives as to what the bats were 
eating. Two favourite foods, papaw and banana, are available throughout 
the year. The figs of Ficus copiosa are also said by the natives to be eaten 
by fruit-bats, and they also are probably available at all seasons (Baker and 
Baker, 1936). Breadfruit was available from September to April, and during 
this period probably formed one of the main foods of the species. In January 
the natives told us that they were eating the large fruit of the ‘nenget’ (not 
yet identified) ; in February, the flowers or fruits of the hardwood tree, Glochi- 
dion ramiflorum, and the almond-like kernels of Terminalia Catappa; in 
March, 7’. Catappa again, as well as guava; and in May, the pulp of the one- 
seeded fruit of Dracontomelon sp. (?D. mangiferum Bl.) and perhaps also the 
chestnut-like seeds from the huge pods of Castanospermum australe. We wish 
to thank Mr. A. W. Exell for kindly identifying the plants. It is important 
to note that there is a seasonal change in diet. 

The social habits vary with the season of the year. Both sexes congregate 
together in large ‘ camps’ during the daytime from about September to about 
January. These camps are often in large Casuarina trees near the shore. 
When the females become pregnant, about February, they leave these camps 
and it becomes difficult for a time to obtain female specimens. For a time 
the males continue to live a social life. (MacGillivray (1860), who described the 
species from the southernmost island of the New Hebrides, mentions camps of 
males, and states that he never saw a female.) Later in the year, about J une, 
when pregnancy is far advanced, the females may be found in inland camps 
which contain few or no males. At this season the males have given up their 
social life and live separately, and it is now difficult to obtain males. Andrews 
_ (1900) states that in Christmas Island (East Indies) the females live in the 
deeper part of the forest when pregnant, and that nine out of ten specimens 
killed near the coast settlements at this time are males. Ratcliffe says of the 
Australian species that the females tend to segregate together in camps during 
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the later stages of pregnancy. Apparently they do not form separate camps, 
as Pt. geddiei females do in June. 

The collection of specimens was confined, with a few exceptions, to the middle 
ten days of each month. The actual dates (for females) are shown in Table II. 
The specimens were obtained by shooting with 12-bore guns, firing no. 6 shot. 
The cartridges used were presented by the Imperial Chemical Industries, Ltd., 
through Major H. G. Eley, and we wish to express our gratitude and our satis- 
faction with their excellent keeping qualities in a very damp climate. Each 
Specimen was weighed to the nearest gram when brought into the camp 
laboratory. 

We shall first describe our study of the females. The abdominal cavity was 
opened and the uterus examined. If the animal was found to be pregnant, 
the uterus was cut out and weighed, with its contained embryo and placenta, 
to the nearest gram. The weight of the uterus itself is small and may be 
neglected. In order to arrive at the weight of the bat, without embryo and 
placenta, the weight of the uterus and contents was subtracted from the total 
body-weight. The distribution of pregnant and non-pregnant individuals 
during the course of the year is shown in Table IT (p. 128). 

The fact that there is a distinct breeding season, despite the constancy 
of climate, stands out clearly. None of the specimens taken in November, 
December, and January was pregnant. ‘The fact of the existence of a breeding- 
season becomes much more obvious, however, when the weight of the embryos 
is taken into consideration (Table ILI). 

Table III (p. 129) shows that a large proportion of the conceptions take 
place in February and March, and that the embryos grow steadily and are 
born late in August or early in September. Conception does occur, however, 
so late as June or July, and two females containing very large embryos were 
shot in October. 

Two exceptional pregnancies were found in September. At this time one 
would expect that the females would have already given birth to young or 
would contain very large embryos. However, the embryos were of moderate 
and small size respectively. It cannot be surmised whether they would have 
been absorbed in the uterus or born at the © wrong ’ season of the year. 

The Tables show that females weighing 450 grams and over are old enough 
to breed. The largest female of all was a pregnant one weighing 875 grams 
(without embryo and placenta). There is a marked tendency for the females 
to increase gradually in weight (without embryo) up till June, and to decrease 
rapidly thereafter, reaching a low figure in September. One of our field-notes 
says :—‘ Great amount of fat on June specimens.’ 

Our findings in 1933-4 agree closely with those of one of us (Baker, 1929) 
at the same place in 1927. In that year most of the females were pregnant 
from February to July, but not one of the sixteen females taken from August 
to December contained an embryo. The gradual increase in the size of the 
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embryos is shown by the following mean diameters of the pregnant uteri 
in millimetres :—February, 5-6 ; March-April, 9-3; May—June, 35 ; July, 52. 
It is clear that the births took place late in July or early in August, that is, 
rather earlier than in 1934. It is possible that many of the conceptions 
may have occurred in January in 1927, during which month only one female 
(non-pregnant) was taken. 

The males must now be considered. When they were brought into the 
laboratory, the body-weight was recorded to the nearest gram, and the testes 
and epididymides cut out. The testes were either weighed fresh, to the nearest 
tenth of a gram, or else preserved in formol-salt-alcohol for subsequent weighing. 
We found that the preservative fluid decreased the weight slightly and that the 
decrease could be allowed for by adding one-tenth to the preserved weight. 
Throughout this account of Pt. geddiei (and also of Pt. eotinus), the weights 
of the testes given are the fresh weights of both testes together. The mean 
weights of the testes of all the specimens collected, arranged according to 
body-weight, are shown in Table IV. 


TasLe I[V.—Pteropus geddiei, males : mean weights of testes, 
according to body-weight (all months together). 


) 


l l a) 
ie | 1050-| 1000- 950- 900- 850- 800- 750- 700- 650- 600- 
Body ate (gm.)....4) 1099.| 1049.| 999. 949.| 899. 849. 799., 749. 699. 649. 


| 


| | | 
| Mean weight of 3-8 | 2-6 | 3-5 | 3228/29 26 23) 20 


testes (gm.). 


Rete sine 31 


Body-weight (gm.) ... { 550—| 500-| 450-| 400- 350-1 300-| 250-| 200-} 150-| 100- 
| 549. | 499.) 449.) 399.| 349.) 299./ 249./ 199.| 149. 


| 
0-5 | 0-2 | 0-1 | 0-07 | 0-04 | 0-05 | 0-02 | 0-04 
| 


iene Sasa 1) | 


| 
| Mean weight of 
testes (gm.). 


The table shows that at a body-weight of 600 grams the bat suddenly becomes 
mature. This is conclusively proved when the abundance of sperms is also 
taken into consideration. This was determined in nearly every specimen, 
either by teasing up part of the tail of the fresh epididymis in saline or by 
preserving it and making serial sections. The abundance of the sperms was 


then recorded on the following arbitrary scale, which will be used throughout 
the rest of this series of papers :— 


3=full normal abundance. 

2=abundant, but noticeably less than full normal abundance. 
1=few, so that some trouble is necessary to find any. 

0=not a single sperm seen, 
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Table V shows that at 600 grams the number of sperms in the epididymis 
suddenly becomes great. 


TasLeE V.—Pteropus geddiei, males : the numbers of individuals 
im each sperm abundance group (all months together). 


Abundance of sperms. 


Body-weight. = —- $$ ———— 


Bh 2). th. 0. Not recorded. 
| 
600 gm. and over ........ --| 178 2 | 2 1 | 6 
| | _ 
jlsess than 600)em os... 4. -- 0 0 1 18 5 


| | | | | 


The table shows that sperms are nearly always at full abundance when 
the body-weight is 600 grams or over, and nearly always absent when the 
weight is less than 600 grams. This weight is therefore a convenient means of 
separating young from adults. 

Although adults nearly always have sperms at full abundance during every 
month of the year, nevertheless the size of the testes varies regularly, gradually 
increasing till January (mean weight of testes 3-8 grams), and then decreasing 
till a minimum is reached in July (mean weight 1-6 grams). This is shown in 
the figure (p. 132), in which observations made by one of usin 1927 (Baker, 1929) 
are also incorporated for comparison. The figures on which the graph is based 
are given in Appendix II. The correspondence between what happened in 
1927 and 1933-4 is obvious. The greater smoothness of the 1933-4 graph is 
caused by the much greater number of specimens taken. It is rather remarkable 
that the size of the testes should fall away before February and March, which 
appear to be the main conception months. . . 

Our friend, Mr. J. R. Groome, is studying the interstitial cells in our material 
throughout the year and will report separately. : 

The cavity of the scrotum is widely open to that of the abdominal coelom, 
and the testes can readily pass to and fro. We therefore soon gave up recording 
whether they happened to be situated in the scrotum or not, since this depended 
on the pressure that happened to be exerted on them while the dead bodies 
were being carried back to camp. Writing of the Australian fruit-bats in general, 
Ratcliffe says that ‘the testes of the male are withdrawn, or partially sO, 
during the greater part of the year. On the approach Ss the breeding season 
they are protruded rather obviously in a naked scrotum’. We did not notice 
this phenomenon in Pt. geddiev. . . 

It appears worth remarking that when the testes are small, in young speci- 
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may be caused by the amount of pigment remaining constant while the size 
of the organ increases, as happens in starlings (Bissonnette and Chapnick, 
1930). 
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The largest male which we obtained weighed 1,084 grams. The forearm 
of another large one, weighing 1,033 grams, measured 177 mm., and the total 
spread of the wings was 127-6 cm. (4 feet 2 inches). The forearm of this specimen 
just exceeds the maximum given by Anderson for Pt. giganteus Be 
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(2) Pteropus eotinus K. And. (Native name: ‘ Nékar-kar =) 


This species is less abundant than Pt. geddiei, and our study of it was far less 
complete. It is a smaller bat confined to parts of the New Hebrides. The 
largest male weighed was 470 gm. and the largest female (a pregnant one with 
an embryo of negligible weight) 382 gm. The colour is reddish and the mantle 
is not nearly so sharply demarcated as in Pt. geddiei. It is not so obviously 
social, and large camps are not found. 

On 14-17 March, five pregnant females with small embryos were taken. 
The diameter of the uterus in the region of the embryo was only 5-75-9-25 mm. 
On 2 April another pregnant female with a small embryo (diameter of uterus 
8mm.) was taken. The two pregnant females taken in June had large embryos 
(diameters of uteri 37 and 43 mm.). Non-pregnant females, weighing 300 grams 
or over (and therefore adult), were taken as follows :—October, 3 ; November, 2 ; 
December, 1; February, 1; March, 1; June, 1. These data are sufficient 
to show that Pt. eotinus has about the same breeding season as Pt. geddiet. 

The number of males taken was not sufficient to justify the drawing of a graph 
showing the mean weights of the testes during the various months. They 
became adult at a body-weight of about 325 gm., and from October to January 
some very large testes were found. The testes of one specimen, taken in 
November, weighed no less than 5-5 gm. The heaviest pair in Pt. geddiei 
weighed only 5:2 gm., though the body of this species weighs about twice as 
much as Pt. eotinus. 


DISCUSSION. 


We have shown a distinct breeding season in Pt. geddiei, despite the small 
climatic change. In 1934 the season was nearly the same as in 1927, and it is 
thus clear that we are dealing with an annual season. Without the corroboration 
of the 1927 figures, it would have been conceivable that the season was not 
annual—e.g., there might have been an internal rhythm compelling reproduction 
at intervals of (say) thirteen months, which would have resulted in breeding 
taking place at different times of the year in different years. This would 
resemble what happened in a specimen of the plant Breynia cernua in the 
little-varying climate of Buitenzorg (Smith, 1923), where it exhibited a flowering 
period about every five and a half months for eleven years, and thus flowered 
at different times of the year. Nothing of this sort occurs with Pt. geddvev, 
and we must therefore conclude that some environmental influence is at work 
in accurately controlling the season, though it is possible, and indeed probable, 
that there is an internal rhythm making for copulation when an individual is 
about a year and a half old (i.e. in its second ‘ autumn ’) and at about annual 
periods thereafter. The reader is referred to the end of the second paper in 
this series (Baker and Baker, 1936) for the reasons for supposing that no such 
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internal rhythm could control breeding seasons without the co-operation of some 
environmental change. 

We have shown that throughout their distribution the Pteropidae tend to 
copulate in the autumn, even when, as in the equatorial regions, the temperature 
changes are so small that the use of the word ‘autumn’ seems absurd. At Hog 
Harbour the constancy of the climate does not shake them of their autumn 
habit. In the absence of experimental proof of what factor or factors control 
the breeding season, only a short discussion is permissible. It may be remarked 
that the food varies considerably during the year, though certain foods are 
available, and eaten, at all times. During the period when the testes are 
increasing in size, the length of day and hours of sunshine are increasing slightly, 
and the amount of ultra-violet light is increasing markedly ; the temperature 
is rising somewhat and the rainfall is getting heavier. By December these 
changes are at an end. The environmental factor making for the start of the 
copulating season in February—March is obscure, because both temperature 
and rainfall remain remarkably constant from December till March. The 
maximum thermometer in the Stevenson screen, which varied during the year 
more than any of the other five thermometers exposed in various situations, 
gave an average of 29-9° C. in December, and precisely the same figure in 
January, and again in February, and yet again in March. None of the six 
thermometers showed more than trivial changes in their monthly means during 
these months (see appendix to Baker and Harrisson, 1936). It seems certain 
that temperature cannot be the controlling factor ; but the decrease in length 
of day and amount of ultra-violet light are genuine, though small, ‘ autumnal ’ 
changes at this period of the year. At this time both sexes usually hang all 
day long in tall Casuarina trees, whose foliage scarcely protects them from light. 
No doubt oestrus tends to recur a short time after suckling has ceased, and this 
may be part, though not the whole, of the controlling mechanism. 


SUMMARY. 


(1) In the remarkably unvarying climate of Hog Harbour, Espiritu Santo, 
New Hebrides (15° 15'S. in the Pacific), the fruit-bat Pteropus geddiei usually 
copulates about February to March and gives birth to young about August to 
September. One young is produced at each birth. 


(2) A review of the literature reveals that fruit-bats in both northern and 
southern hemispheres tend to copulate in ‘autumn’, and the constancy of 
the climate of the northern New Hebrides does not prevent them from keeping 
to this rule. 

(3) The size of the testes increases gradually till January, after which it 
falls away to a little less than half the January weight in July. 


(4) The males keep their epididymides full of sperms throughout the year. 
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(5) The social habits of both sexes vary seasonally. 

(6) The food varies at different times of the year, as the various fruits and 
flowers become available ; but certain fruits are available and eaten at all times. 

(7) It appears that temperature does not control the onset of the copulating 
season. Possibly decrease in length of day and amount of ultra-violet light 
are important. 

(8) Pteropus eotinus, which was studied less intensively than Pt. geddiei, 
has about the same breeding season. 


Appunpix L.—Vable showing the breeding seasons of wild Pteropidae. 
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are those given by the authors concerned. The months within bra: 


Pregnant females. 


. APE Copulating : 
Species. Place. lati- aS Size of 
tude. ; Small embryos Larg 
embryos. not _ embry 
stated. | 
Rousettus egyptiacus (EK, | Giza, Egypt. 30° N. (?Nov.- | 
Geoft.). Dec.). | 
| 
Rousettus eqyptiacus (FE. | Egypt. 2? 30°N. | (Sept.—Oct.). 
Geoff. ). | 
Pt. giganteus giganteus | India (? Cal- |?%23°N.)  (Oct.). 
Brinn. cutta). 
Rousettus arabicus And. | Lahej. near 13° N. | (Oct.) | 29 Mar. 
& de Wint. | Aden. | | 
| | | 
Pt. melanotus Blyth .....| Great Nicobar 7°N. | (Sept.—Oct.). oe 
Is. 
Pt. giganteus  giganteus | Ceylon. taINe (Dec.). os 
Brinn, 
Pt. ariel G. M. Allen ..... Maldive Is. CaNis (Nov.). : 
| Eidolon helvum Kerr .....| Fernando Po. 4° N. | (Sept.—Oct.). | . Feb. 
Mai 
| 
Cynopterus — brachyotis Serasan  Is., 3°N. (Apr.) oe 20 Sept. ole 
brachyotis S. Mull. East Indies. 
| 
Kpomops franqueti: fran- |S. Cameroons. | ?3°N, (? Feb.). ac . . 
quett Tomes. -0°. 
Macroglossus lagochilus | Bauru Is., Abe (Mar.). Abou 
lagochilus Matschie. East Indies. be bi 
te Au 
Pt. morio K. And. .......| Sumba Is.. 10°S (? Feb.- 
East Indies. Mar.). 


Di 
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ins “Copulating season’ and ‘Young born’, the months not in brackets 
nggested by the authors of this paper, on the available evidence. 


Young attached to mothers. 


Synonym used 


roung born. : | by pucker UES i Reference. 
4 Size of | different from | 
Small Large | 
ee young not first column). 
ftir stated. Rdpongh 
Apr.—May). | Nearly half Flower, 1932. 
| grown 
_ 30 July. 
b.—Mar. | R. aegyptiacus. Anderson, 1902. 
1d of Mar. and | Up to early | Pt. edulis. | Tickell, 1843. 
\pr. June. 
jar.). 29 Mar. Xantharpia aegypti-| Yerbury and 
aca. Thomas, 1895. 
| 
eb.—Mar.). 6 Mar. Pt. nicobaricus. Kloss, 1903. 
ay—J une. Phillips, 1924. 
or. Apr. Pt. medius. Gardiner, 1906. 
‘eb.—Mar.). Feb.—Mar. Anderson, 1912. 
ept.). 20 Sept. | C. brachyotus. Thomas and 
Hartert, 1894. 
| 
July). Half grown |* ? Hpomophorus Bates, 1905. 
| $81 Aug. franqueti.’ 
| and 1 Sept. 
ug.). Andersen, 1912. 
Oct. Andersen, 1912. 


July—Aug.). 
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APPENDIX I (cont.). 
Pregnant females. 
APPTOX.| Copulating 
Species. Place. lati- is Pe Size of 
tude. Small embryos La 
embryos. not emb: 
stated. 
Epomophorus crypturus | Lumbo, 15°S. | (May). 308 
Pet. Mozambique. 
IPE GeOMler MAC. aelelsveletens Hog Harbour, | 15°S Esp. Feb.— | Esp. Feb.— Esp. . 
New Mar. Apr. Au 
Hebrides. 
Pt. eotinus K. And....... Hog Harbour, | 15°S. |? Feb.—Mar. | Mar., Apr. Jui 
New 
| Hebrides. | 
IPENGOULAI IL Obemrenrer ste itech Victoria R., 15°S. | *° Breeding’ 
| N. Australia. | Mar.—Apr. 
Pi. gouldt Pets oon ae: Queensland, 215°S.| (May). 30 July. 30 J 
north of 26° S. | 
Mary R. 
Pt. poliocephalus Tem- |? Queensland | ?15°S. |; Mar.—Apr. 
minck. and N.S.W. | -33°S 
Pt. conspicillatus Gould... Near Cairns, 17°S (? Apr.). 
| N. Queens- 
| land. 
Pt. niger Kerr ..........| Réunion (ile | 21°S, May. 
| de Bourbon). 
Pt. subniger Kerr ....... Réunion (fle | 21°S May. 
de Bourbon). 
Cynopterus brachyotis Ceylon. oN (? Dec.- 29 Aug. 
ceylonensis. Apr.). 
Pt. natalie Thos. ........ “Christmas Is., | 11°S. | (? Aug.— End of | Enc 
Kast Indies. Nov.). Dec. De 
Pt. scapulatus Pet. ...... Near Rock- 23°S Oct. or 
hampton, Sept.—Oct. 
Queensland. 
Pt. scapulatus Pet. ...... New South 2322'S (? Nov.). 1K 
Wales. 
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ct.). 


p. Aug.—Sept. 


uly—Aug. 


ug.—Sept.). 


+. or Sept.— 


det. 


+o. 


sept. 


id of Oct. 


ad of Oct. 


May-—Sept.). 


Jan.—Apr.). 


lar.). 


Apr. 


Small 
young. 
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Young attached to mothers. 


Size of 
young not 
stated. 


Early Nov. 


29 Aug., 
also ? May. 


Large 
young. 


21 Jan. and 
4 Feb. 


End of July. 


Synonym used 
by author (if 
different from 
first column). 


Reference. 


Pt. gouldit (sic). 


Rousette. 


Rougette. 


Loveridge, 1922. 

This paper and 
Baker, 1921. 

This paper. 

Dahl, 1897. 

Ratclifte, 1932. 

| Ratcliffe, 1932. 

Ratcliffe, 1932. 


Buffon, 1776. 


' Buffon, 1776. 


"Phillips, 1924. 
| 
| Andrews, 1900. 


Ratclitte, 1932. 


Ratcliffe, 1932. 
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Apprnpix II.—Mean fresh weights of both testes of adult Pteropus geddiei. 


1927. 1933-4. 
Sey pes ei, ey 
Novet Mean weight | Novot Mean weight 
a ataaal of both | “sndividuals of both 
individuals. testes (gm.). | 2 testes (gm.). 
September ........... | sis - | 13 2-4 
October. et year A a. 19 3-0 
INOVerbermeanereieraot | es Ze | 12 3:4 
December <.--...-.-. ds SE 17 3-7 
AUER? 94 co aadan ce oc 5 37 16 3°8 
Hebruary cassie reir | 6 2-6 | 18 2-9 
March) ps. ice | 3 | 2:7 22 2-8 
April tr ere tiene ates ee | 3 2-9 | 22 2-8 
Mayasre teh iet es | 2 2-2 16 | 2-4 
A kiletseinhan.c potion. Sorc + 2-4 12 2-0 
July spire eres | 2 | 1:8 11 1-6 
ANURQIEN 5 sno e hoo 888 | se es | 9 Is 
| \ | 


Norre.—The 1927 figures are different from those published before (Baker, 1929), because 
formerly the wrong criteria for adults were used and immature specimens were included. 
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INTRODUCTION. 


This paper forms part of a study of seasonal phenomena at Hog Harbour, 
Espiritu Santo, New Hebrides (15° 15’ 8., in the Pacific Ocean), in a climate 
which presents remarkably small changes during the year. In previous 
papers in this series, accounts have been given of such climatic changes as occur 
(Baker and Harrisson, 1936), of the flowering and fruiting seasons (Baker and 
Baker, 1936), and of the breeding seasons of fruit-bats (Baker and Baker, 
1936). The present paper is concerned with one of the most interesting 
groups of animals from the point of view of reproduction, namely, the insecti- 
vorous bats. Much has been written about the peculiarities of their breeding 
habits in temperate latitudes, and a full study of their behaviour in the tropics, 
where hibernation does not occur, was therefore particularly desirable. Our 
investigation lasted from September 1933 till August 1934, inclusive. We 
wish to acknowledge the great help which we received from the other members 
of the expedition (Miss I. Baker, Mrs. Z. Baker, Mr. T. H. Harrisson, and 
Mr. A. J. Marshall), not only in the collection and preservation of specimens 
but also in their dissection. Mr. A. Fellows has kindly identified our specimens 
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and given us valuable advice on nomenclature and distribution. The expedition 
was made under the auspices of the Oxford University Exploration Club, and 
with the support of the Royal Society, the Percy Sladen Memorial Fund, the 
University of Oxford, and New College, Oxford. Professor E. 8. Goodrich, 
F.R.S., has kindly read the typescript and suggested improvements. 

The extent of the investigation is shown below. Miniopterus australis 
was the main object of our studies, since it is much more abundant that the other 
species. The others were merely dissected when they chanced to be brought 
into camp :— 


| Males. Females. 
| =: = 
Lowest no. Lowest no. | Total 
y : no. 
Total no. | ec ae Total no. | Be geet ie | dissected. 
Meee | ae es y one | 
| dissected. | month of dissected. L cnauth of 
| | the year. | the year. 
| | —— 
one , 
| Miniopterus australis ...| 266 14 | 276 13 542 
_ Miniopterus medius ..... 4 | 4 8 
| Miniopterus schreibersi ... 0 2 | 2 
| | 
| Hipposideros cervinus ... 21 | 21 | 42 
| | | 


One of us (J. R. B.) is responsible for the following review of the literature. 


GENERAL REMARKS ON THE BREEDING OF INSECTIVOROUS BATS. 


The reproduction of insectivorous bats is so interesting, and the accounts 
of it are so conflicting, that a fairly full review of the literature is necessary. 
The early work was well reviewed by Duval (1895 a) and the later work, as 
far as 1929, by Hartman (1933). We wish to acknowledge help from Hartman’s 
review, but at the same time we must admit that we disagree with some of his 
statements as to the findings of the authors whom he quotes. Some important 
papers have appeared since Hartman wrote. 

In order to conform with modern nomenclature, we have written N yctalus 
noctula (where authors have written Vesperugo noctula) ; Pipistrellus pipistrellus 
(for Vesperugo and Vespertilio pipistrellus) ; Eptesicus serotinus (for Vesperugo 
and Vespertilio serotinus) ; and Barbastella barbastellus (for Synotus barbastellus). 

The fact that there was anything peculiar about the reproduction of bats 
was discovered by Pagenstecher (1859). He wrote in a little-known journal 
and it appears that the only available copy in Britain of the volume containing 
his paper is in the possession of the Manchester Literary and Philosophical 
Society. We are indebted to the Librarian for kindly allowing us to read it. 
On 23 January 1859 Pagenstecher found eight Pipistrellus pipistrellus in an old 
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castle in the neighbourhood of Heidelberg. Only one was a female. He 
noticed that the uterus was swollen out with live sperms to more than four 
times the size of the distended bladder. He observed that no ege was ready 
to be shed from the ovary. He concluded that in this species copulation 
takes place very early in the year, and that the sperms are capable of living 
for a long time in the uterus. His paper was neglected, and not till sixteen years 
later was attention once more directed to the subject, this time by van Beneden 
(1875). This author observed sperms in the uteri of Vespertilio murinus 
and other species during hibernation, but made the mistake of supposing that 
the egg is fertilized during winter and remains dormant until the first warm 
days of spring. In 1878 Eimer showed, in a publication in an obscure journal, 
that in Nyctalus noctula and Pipistrellus pipistrellus at Tiibingen the uterus is 
full of living sperms during hibernation, but that fertilization has not then 
taken place. The following year he repeated this announcement (Kimer, 
1879). At about the same time Benecke (1879) and Fries (1879) published 
short papers which may be said, with Himer’s, to have laid the foundation of 
the classical theory of the reproduction of insectivorous bats. 

Benecke worked with Pipistrellus pipistrellus and Plecotus auritus. He showed 
that in winter the uterus is full of living sperms, but that (in contradiction to 
van Beneden) there are none in the Fallopian tubes. By December one follicle, 
in either right or left ovary, is enlarged. When the warm weather of spring 
comes, the egg enters the tube and fertilization takes place. Benecke points 
out how this differs from what occurs in roe deer, in which a resting phase 
in the development of the embryo occurs after fertilization. Fries worked 
with a number of species, including Rhinolophus hipposideros, Plecotus auritus, 
Pipistrellus pipistrellus, and Vespertilio murinus, at Gottingen. His findings 
were essentially the same as Benecke’s. Copulation occurs before hibernation. 
The sperms live over the winter in the female genital passages, in the enlarged 
uterus in P. pipistrellus, largely in the uterine glands in V. nathusi, and in 
a cartilage-like mass in the vagina in Rh. hipposideros. Ovulation and fertiliza- 
tion occur in spring. The young born one summer do not copulate in the 
autumn of the same year. 

We shall first review the work of the later authors which confirms this classical 
theory of bat reproduction, leaving the other theory (that effective winter and 
spring copulations occur) till later. . 

Two detailed papers on the natural history of insectivorous bats in France 
were published by Rollinat and Trouessart in 1896 and 1897. The first paper 
deals mainly with Vespertilio murinus, in which copulation is said to take place 
in the middle of September, and hibernation from the end of October or beginning 
of November to about the end of March. During hibernation the uteri of adult 
females are found to be full of sperms. Ovulation and fertilization by the stored 
sperms occurs about the beginning of April, five to ten days after active life 
has started again. Gestation lasts about fifty days. Ovulation and fertiliza- 
tion are hastened by bringing a female into a warm room during hibernation. 
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In their 1897 paper the authors are concerned mostly with Rhinolophus ferrum- 
equinum, in which species once again copulation occurs in autumn (October 
and beginning of November). Sperms are found in the uterus from 5th October 
onwards. They are also stored in the vagina in a ‘ bouchon vaginal ’, largely 
composed of mucus, which hardens during November. Fertilization occurs 
about the beginning of April and the bouchon is expelled with some loss of 
blood. Pregnancy lasts till towards the end of June, nearly a month later than 
in Vespertilio. In neither species does copulation occur in the spring. 

Grosser (1903) described a remarkable process in Nyctalus noctula. In this 
species copulation occurs very early (in July or at the beginning of August). 
At the end of August the uterus is full of sperms, and the cervical canal and the 
anterior part of the vagina degenerate, with loss of their epithelium and their 
lumen, while the connective tissue increases. Ovulation and _ fertilization 
occur in March or April, and the processes which lead to the re-establishment 
of the genital canal begin at the end of April. It thus seems certain in this species 
that fertilization is effected by sperms stored in the uterus throughout the winter. 
Grosser states that this blocking of the genital canal does not occur in 
Vespertilio murinus or Plecotus auritus. 

Courrier (1924) found that in the hibernating Pzipistrellus pipistrellus the 
uterine epithelium and that of its glands are in a state of glandular activity, 
and considered that the products of secretion serve to nourish the sperms 
during their long winter period in the female. Thus he believes in the efficacy 
of autumn copulations in providing sperms for spring fertilization. He gives 
a figure showing that the vagina in this species is completely filled up by a 
cornified ‘ bouchon’ during hibernation, and states that the same is true of 
Vespertilio capuccinit and E'ptesicus serotinus. In Rhinolophus ferrum-equinum 
and Rh. hipposideros the adult female has a large pocket on the ventral surface 
of the vagina. During the winter this pocket, lined by a thick stratified 
epithelium, is filled with a mucous mass containing sperms. (The pocket was 
discovered by Vogt (1881).) 

In a further study of Pipistrellus pipistrellus at Strasbourg, Courrier (1927) 
gives details of the degeneration of the testes in October, leading to the presence 
of nothing but spermatogonia and Sertoli cells in the tubules throughout the 
winter and until spermatogenesis starts afresh ready for copulation the following 
autumn. 

Nakano (1928), working on Vespertilio abramus at Niigata in Japan, says 
that copulation occurs at the beginning of October, after which the testes 
degenerate. He describes the presence of glycogen in the uterine epithelium 
throughout hibernation and its absence at other times. He relates the pro- 
duction of glycogen to the arrangement of the majority of the sperms with 
their heads towards the uterine epithelium and thinks that it serves to nourish 
them. This arrangement of the sperms was noted by Redenz (1929), who later 
(1933) showed that sperms are capable of making use of carbohydrates. From 


the time of Wolf (1921) onwards it has been customary to add glucose to fluids 
for sperm suspensions. 


THE SEASONS IN A TROPICAL RAIN-FOREST 147 


Tn his 1929 paper Redenz shows himself clearly of opinion that in Vespertilio 
murinus and Plecotus auritus, at Wiirzburg, the egg is fertilized in spring by 
sperms received at copulation the previous autumn. He states that in the 
spring the epididymis of the former species is free from sperms, and in the 
latter species there are few. At this time spermatogenesis is not taking place. 
He considers that on the bursting of the follicle in spring the liquor folliculi 
stimulates the stored sperms to activity. 

Zondek (1933) took bats (species not stated) during hibernation and kept 
them in a cellar at 4° C. He found that sperms taken from the uterus were 
motile in Ringer’s solution. The bats were brought into a room at 18°-20° C., 
and an early embryo was found in one of them after fourteen days. Unfortu- 
nately, he does not state that the female had been kept separate from males. 
Injection of the gonadotropic hormone of the anterior pituitary also in one 
bat caused rupture of the follicle, fertilization (with resulting embryo), and 
growth of corpus luteum. Similarly, Caffier (1934) brought female Myotis sp. 
into an unheated room on 20th January and caused two of them to ovulate 
by injection of the same hormone. In one of them an unfertilized egg was 
found in the Fallopian tube on 6th February, while in the other, killed a 
fortnight later, there was an embryo in the morula stage. 

The evidence given above suggests strongly that in temperate climates 
insectivorous bats copulate in autumn, and that the sperms are stored in the 
uterus or vagina throughout the winter and fertilize the eggs when ovulation 
occurs in the following spring. We shall now review the contrary evidence, 
to the effect that copulation occurs in spring. First, it must be stated clearly 
that many of the authors who think that spring copulation may take place consider 
it to be an exceptional process, applying either to young females or to those 
adults which have escaped insemination the previous autumn. Thus Vogt 
(1881) says clearly, *.. . quant 4 1’époque de la copulation, je suis bien d’accord 
avec MM. van Beneden, Benecke, Eimer et Fries, qu’elle se fait généralement en 
automne et que les femelles gardent, pendant tout Vhiver, les zoosperms 
vivants dans l’utérus, d’ot ils ne commencent a émigrer qu’au printemps, 
époque ott les coufs mirissent et descendent dans l’oviducte ’. Vogt considers, 
however, that those young females of Vespertilio murinus and Rhinolophus 
ferrum-equinum which fail to copulate in the autumn copulate in the following 
spring. He bases this assumption on the finding of non-pregnant females, 
on the point of ovulating, in April, at a time when other females are already 
pregnant. He does not state whether there are sperms in the swollen uteri 
of these non-pregnant females, and it is probable that they are simply adults 
which failed to copulate, for he describes another category of females, * com- 
plétement vierges ’, which are evidently the real young ones. Hartman (1933) 
states that Vogt actually witnessed winter or spring copulations, but Vogt 
does not say so in the paper (1881) to which Hartman refers. 

According to a review by Fusari (1902) of a paper in an obscure Italian 
journal, it appears that Salvi concluded that spring copulations occur among the 


bats (species not stated) in a cave in the province of Sassari, on grounds similar 
Loe 
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to those of Vogt. At the time of observation, most of the females were in an 
advanced stage of pregnancy, while a very limited number were at the beginning 
of it and some were non-pregnant. 

Robin (1881) states in a footnote that Rhinolophids usually copulate in spring 
in France, but he allows that in this they are unlike most indigenous bats. 
Courrier (1927), again, who does not deny the possibility of spring copulations, 
says as clearly as Vogt, ‘... mais il est certain que ce coit printanier est 
exceptionnel’. Rollinat and Trouessart at first (1895 a) thought that spring 
copulations occur, but later (1895 b) denied it, while admitting that a male of 
Eptesicus serotinus, awakened during hibernation on 25th February and brought 
into a warm room, attempted to copulate. In later papers (1896 and 1897) 
they repeat their denials of spring copulations. 

Duval (1895) actually witnessed spring copulation, though not under natural 
conditions. More than a hundred Rhinolophids were sent to him from 
Touraine. They were placed together in a cage. On the day of arrival 
(25th March) one pair was seen to copulate, while two other pairs were dis- 
turbed when starting to do so and flew away. Duval regards spring copulations 
as rare, and thinks they only occur with females which were too young for 
copulation the previous spring. 

In an important paper Hartman and Cuyler (1927) show that at Austin, 
Texas, spring copulation is the rule with Nyctinomus mexicanus. There is 
a short copulating season in March, and sperms are not found in the uterus 
except at this season. Here there is no sperm storage, and the reproduction 
resembles that of the majority of mammals. In Myotis sp., in the same 
locality, the female harbours living sperms throughout the winter. As Hartman 
(1933) says, Howell’s (1920) data show that Hwmops californicus may behave 
like Nyctinomus. Howell found that in the neighbourhood of Los Angeles 
the throat-gland was highly developed in most of the males on 28th March, 
and in only one of those secured on 5th December. 

Hartman (1933) says that van der Stricht asserted that bats copulate in 
the spring, but here the American author is in error, for van der Stricht was 
an almost dogmatic supporter of the opposite view. In the paper to which 
Hartman refers, namely, the third part of * La structure de l’ceuf des Mammi- 
féres ’, van der Stricht (1910) states (p. LO) that in Belgium Nyctalus noctula 
always copulates before winter. He says that females with empty uteri may 
be found at the end of September or the beginning of October, and that these 
are young females which copulate later than adults. He states definitely 
(p. 8) that young females copulate in the same (calendar) year as that in which 
they are born. (This is opposed to the views of most authors, who think 
that the females of insectivorous bats copulate for the first time in their second 
autumn, though they are about as large as the adults by their first autumn : 
see Rollinat and Trouessart, 1896 and 1897.) . 

suthrie hae) made an important study of the cave-bats of Missouri. She 
states : ‘That insemination occurs again in the spring at the time of ovulation 
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is undeniable in Myotis lucifugus and Pipistrellus ’ (P. subflavus). This is 
based upon vaginal smear examinations. Males and females were brought 
into the laboratory in spring, and females were sometimes found to be without 
sperms in the vagina at first and to possess them later. (It seems not in- 
conceivable that they may have come from the uterus.) Miss Guthrie Says : 
‘The data do not support the hypothesis that the sperm of the autumnal 
insemination are responsible for the vernal activation’. She thinks they are 
partly ingested by leucocytes and partly eliminated by muscular contraction. 
She allows, however, that living sperms can be found in female M. lucifugus 
which have been kept separate from males for over a month. 

Perhaps the strongest evidence for spring copulation, apart from Nyctinomus, 
is circumstantial and derived from a study of the male reproductive system. 
It was observed by Fries, so long ago as 1879, that throughout winter and spring 
the male genital apparatus is full of live sperms and that the accessory glands 
are at full development. Many other authors have found the same thing. 
Rollinat and Trouessart were the first to describe the storage of sperms in the 
bladder as well as the epididymis. It was Courrier (1927) who first described 
the histology of the male cycle in detail, in Pipistrellus pipistrellus at Strasbourg. 
His especial contribution to knowledge was that while the interstitial cells of 
the testis and the accessory sexual organs remain in their functional state 
throughout hibernation (the tail of the epididymis being filled with living 
sperms), the seminiferous tubules begin to degenerate when the sperms have 
left them in September, and by October and throughout the winter they contain 
nothing but spermatogonia and Sertoli cells. Our friend Mr. R. C. Burbank 
(unpublished communication) found exactly the same phenomena as Courrier 
in Rhinolophus ferrum-equinum in the caves at Cheddar, England. Nakano 
(1928) found glycogen in the epithelium of the epididymis throughout hiberna- 
tion ; but, although he thinks that the uterine glycogen serves for sustenance 
of the sperms, he does not describe spring copulation involving the use of the 
sperms stored in the epididymis over the winter. 

Caffier and Kolbow (1934) say that spermatogenesis proceeds rapidly not 
only in November but also in March, in which month the epididymides swell 
from increase in the number of sperms. This is contrary to the statements 
of other workers (Courrier, Burbank, Nakano). They worked at Konigsberg 
mainly with Pipistrellus pipistrellus, but also with Plecotus auritus, Barbastella 
barbastellus, Eptesicus serotinus, Myotis myotis, and Rhinolophus hipposideros. 
These authors allow that fertilization in spring by sperms from autumn 
copulations also occur and are effective. 

All the theories of bat reproduction so far considered (except van Beneden’s) 
agree in allowing that fertilization occurs in spring. Great interest, therefore, 
attaches to Courrier’s (1927) study of Miniopterus schreaberst in the south 
of France. It appears that in this species both copulation and fertilization 
occur in autumn, and that pregnancy lasts over the winter into spring. Several 
females taken on 12th October and 3rd November had swollen uterine horns. 
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In each case there was a blastocyst, in the stage in which the primordial 
amniotic cavity is already formed. A few sperms were still present in the 
uterine glands. The females captured in April contained large embryos. 
The males were in full breeding condition in September : spermatogenesis was 
finished and the epididymides full of sperms. By November the accessory 
elands were already greatly reduced, in contradistinction to what has been 
described in other species. In spring the reproductive organs were in a state 
of complete quiescence. This discovery of Courrier is not only of great intrinsic 
interest, but is also particularly important for us, because most of our work 
on insectivorous bats was on a species of Miniopterus, and we actually obtained 
in the New Hebrides two specimens (one of them pregnant) of the very species, 
M. schreibersi, which Courrier studied in the south of France. The species 
falls into a category by itself. 

The foregoing summary of the theories of reproduction in bats may be still 
further condensed into the following six categories of possible behaviour. 
A few examples from the work of some of the authors are quoted under each 
of the six headings. The place where the bats were taken is mentioned, to- 
gether with its approximate latitude. The latter is an important circumstance 
which has been greatly overlooked :— 


1. Copulation occurs in autumn: fertilization occurs the following spring 
with sperms stored over the winter in the female genital passages : 


Nyctalus noctula .. i<s.-5--.0-4. Heidelberg. 49°N. Grosser, 1903. 
- be lieg DHE Moen Piet S consi te Tubingen. 49°N. Eimer, 1879. 
a Sen ave eras hare tonetac aioe Belgium. About 50-51°N. Van der Stricht, 1910. 
Pipistrellus pipistrellus ......... Strasbourg. 49°N. Courrier, 1924. 
» A er nto cutie Gottingen. 52°N. Fries, 1879. 
oa ee ee ee ear Tubingen. 49° N. Eimer, 1879. 
as See ee ons ee Konigsberg. 55° N. Benecke, 1879. 
Vespertilio muminus ..........+- Argenton ete. 46° N.  ‘Trouessart and 
(France). Rollinat, 1896, 
+" 33/ Sy So Ree om etek oe Gottingen. 52° N. Fries, 1879. 
ne est bra Wirzburg. 50°N. Redenz, 1929. 
QDI OMUUB wits te ohike Niigata, Japan. a0 Nakano, 1928. 
Hptesicus serotinus .........0+ Strasbourg. 49° N. Courrier, 1924 and 
ELE COUUS -CUTTHA amine eae cree eee Gottingen. 52°N. Fries, 1879. [1927. 
Pee tah aero cote ce Konigsberg. 55° N.  Benecke, 1879. 
% SMa sin eee rea see Wiwzburg. 50° N. Redenz, 1929. 
Rhinolophus ferrum-equinum ete, — Argenton ete. 46° N.  Rollinat and 
(France). Trouessart, 1897. 
res hipposideros ....... Gottingen. 52° N. Fries, 1879. 


6 fr ap Ae : : : 
2. The process described in category 1 is the rule, but exceptional spring 
copulations may occur : 


Pipistrellus pipistrellus ......... Strasbourg, 49° N. Courrier, 1927. 
Vespertilio murinus ............ 

Rhinolophus ferrum-equinum..... Geneva. 46° N. = Vogt; 18ST. 
Rhmolophid bats......)06..). Touraine, France. 47°N. Duval, 1895 a. 


Unnamed species .............. Sassari, Italy. 41°N. Salvi, see Fusari, 1902. 
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3. Effective copulation occurs as a rule both in autumn and spring, but 
fertilization only in spring : 


Pipistrellus pipistrellus &e. ..... K6nigsberg. 55° N. Caffier and Kolbow, 
hinolophid bats ..........4.... France. a Robin, 1881. [1934. 


4. Copulation occurs in autumn and again in spring, but only the sperms 
received by the female in spring are effective in fertilization : 


VIOUS LCUPUgUs oes oc eee nN 


Pipistrellus subflavus .......... f Columbia, Missouri. 39°N. Guthrie, 1933. 


5. Copulation occurs in spring only, resulting in immediate fertilization : 


Nyctinomus mewicanus ......... Austin, Texas. 30° N. Hartman and Cuyler, 
1927. 


6. Both copulation and fertilization occur in autumn :— 


Miniopterus schreibersi ......... St.-Geniés-de- 44°N. Courrier, 1927. 
Malgoirés, France. 


It remains to comment on what is known of the reproduction of insecti- 
vorous bats in the tropics. We are here almost limited to records of pregnancy. 
It will suffice to give such records from two places. In the vicinity (13° N.) 
of Aden pregnancies were found in four species, including ‘ Hipposideros ’ 
[Asellia] tridens, during March-April (Yerbury and Thomas, 1895). Preg- 
nancies were recorded by Phillips (1924) among the insectivorous bats of 
Ceylon (6°-10° N.) in late January, March, April, May, September, and early 
October, and one (regarded as exceptional) in December. It is said of Pipistrellus 
mimus that it ‘seems to breed all the year round’. Hipposideros speoris 
(a genus studied also by us in the New Hebrides) was observed to give birth 
to young on Ist-2nd August. It appears that the insectivorous bats keep to 
‘ spring ’ births as far south as 13° N., but become irregular when so near the 
Equator as Ceylon. A problem of intense interest is presented by species 
which breed only once annually, but inhabit both sides of the Equator. 

With regard to the copulating seasons of insectivorous bats in the tropics, 
information is very meagre. Breestrup (1933) finds that at certain seasons the 
male Chaerophon pumilus, in tropical Africa, grows a crest of long hairs on the 
back of the membrane joining the ears, and when this tuft is present the scrotum 
is swollen. He concludes that the tuft is an indication of the mating season, 
and notes that to the north of the Equator it is present from October to January 
and again in April. He considers it probable that in tropical Africa insecti- 
vorous bats have two separate breeding seasons in the year. 

Before turning to our own investigations in the South Seas, we venture to 
quote the words of Fries, one of the founders of the classical theory of the 
reproduction of insectivorous bats, written at Gottingen on 8 June 1879 :— 
‘Ich will hier noch betonen, dass eine Untersuchung der gleichen (und ver- 
wandter) Arten in siidlichen Landern, in welchen diese Thiere keinen Winter- 
schlaf halten, fiir die Entscheidung mancher uns hier beschaftigenden Fragen 


dringendes Bediirfnis ist’. 
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THE BREEDING SEASONS OF INSECTIVOROUS BATS AT Hog HARBOUR. 


(1) Miniopterus australis Tomes. (The natives call all insectivorous bats 
*netete ’.) 

This is a small black Vespertilionid bat. The species is an essentially tropical 
one, occurring also in Queensland, New Caledonia, and the Loyalty Islands. 
Hibernation does not occur (at any rate, at Hog Harbour). 

The species is extremely abundant in a large cave in the coral rock to the 
south of the coconut plantation at Hog Harbour. The cave is dark except 
near the main entrance. During the daytime the bats hang from irregularities 
and stalactites in the roof. The floor consists of an enormous mass of guano 
produced by countless generations of their ancestors. About twenty minutes 
before sunset they begin to fly about within the cave. About ten minutes 
before sunset they suddenly begin to issue forth through the three openings 
of the cave, and this continues until about ten minutes after sunset, when the 
exodus dies down as suddenly as it started. It was estimated that during the 
twenty minutes of the exodus the bats leave one of the openings at the rate of 
about 120-150 a minute. We consider that the cave contains about 5,000 bats, 
of which the vast majority are M. australis. After the main exodus bats may 
be seen passing both into and out of the cave until about 2 a.m., by which time 
they have re-assembled in the cave to sleep. The temperature in the cave is 
discussed on p. 158. 

The collection of specimens was confined to one day each month, usually 
between the 10th and 20th. (See Table I for actual dates.) To collect speci- 
mens a number of persons entered the cave holding long sticks and took up their 
positions beneath one of the large groups of bats hanging from the roof. At 
a given signal everyone began hitting the air above his head. The bats at 
once began to fly and were struck by the sticks. In a few minutes enough 
specimens were already lying upon the ground. 

When the specimens had been brought back to the camp laboratory, nearly 
the same routine was followed with them as with the fruit-bats (Baker and 
Baker, 1936), except that body-weights were taken to the nearest tenth of 
a gram. Digestion had proceeded too far to render a study of the stomach- 
contents profitable, but the food is naturally insects. 

No specimen definitely too light to be adult was taken during the whole 
course of the year. It has been demonstrated by Rollinat and Trouessart 
and other authors that Kuropean bats, born in the spring, are already about 
full-grown by autumn, but they do not copulate until the autumn of the 
succeeding year. No doubt many of our bats were full-grown but sexually 
immature specimens. It is possible that some of the largest specimens which 
we took to be M. australis should have been referred to M. medius. 

In each pregnancy there was only one embryo, and it was nearly always 
situated in the right horn of the uterus. Three specimens, however, were noted 
to have the embryo in the left horn. Duval (1895 6) examined about 300 
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pregnant Vespertilio murinus and found the embryo in the right horn in every 
one: Vogt (1881), however, found one pregnancy in the left horn among 
74 pregnant specimens of the same species. 

The results of our observations on female M. australis are summarized in 
Table I. 

It will be observed that pregnancies only occurred in September, October, 
November, and December. There was a regularly progressive increase in the 
size of the embryos during these months, as the following diameters of the 
uteri in the region of the embryo show :— 

7th September : All approximately 1-1} mm. 

5th October : 3, 4, 5, 54, 54, 6, 7, and 74mm. Mean, 5-4 mm. 

20th November: 13, 14, 14, 15, 15, 15, 15, 15, 15, 154, 16, 16, 16, 16, 16, 16, 
164,164, 17,17, 17, 1717, VT GAT se See 
Mean, 16:2 mm. 

llth December : 18, 18, 19, 19, 19, 19, 19, 21. Mean, 19-0 mm. 


Three of the September pregnant uteri were serially sectioned to disclose the 
embryos. Photomicrographs of the three embryos are shown in PI. 4, figs. 1, 
2,& 3. The nuclei in the youngest of these three embryos were counted and 
found to number approximately 38. Each embryo covered several sections, 
of which only one (that through the centre) is shown in the Plate. The vaginae 
were lined by squamous cells, which appeared to be dropping off into lumen. 
It is probable that fertilization took place in these three specimens at nearly 
the same time, and we may say with some confidence that all the conceptions 
in this species occurred about the beginning of September. Although the 
embryos were so small on 7th September, the uteri were considerably swollen. 
This swelling was due to a thickening of the submucosa, with enlargement of 
the uterine glands. The lumen of the uterus was small and contained scarcely 
any sperms. (One sperm head was seen in the lumen of one of the three uteri.) 
A small number of sperms was present in some of the uterine glands of all three 
specimens (see Pl. 4, fig. 4). The embryos had not yet become implanted 
in the wall of the uterus, but were lying free in the lumen, surrounded by what 
are probably disintegrating masses of granulosa cells. 

The large embryos of 11th December were nearly ready for birth. The dia- 
meter of the uterus was not much greater than in the previous month, but 
elongation of the embryos had taken place and the mean weight of the embryo 
and placenta was 1-4 gram as compared with 1-0 gram on 20th November. 
The young were presumably born in the second half of December, and the 
duration of gestation is therefore about 110 days. 

On 11th August the next year no greatly swollen uterus was seen. The 
reproductive organs of two adult females were serially sectioned. Sperms 
were not seen in the uterus nor in the uterine glands. The latter were not 
yet greatly hypertrophied. A large Graafian follicle, with much liquor follicli, 
was seen in each specimen. Presumably insemination and ovulation would 
have taken place two or three weeks later. 
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; We turn now to the males. None was definitely too small to be adult, but 
it is well known that young bats become full grown a long time before they are 
sexually mature. The young could be detected by the size of the testes, which 
usually fell fairly sharply into two groups as regards size. Those of the young 
usually weighed only about 2 milligrams (both testes together), and sperms 
were never found in their epididymides. 

Even the adults in the copulating season had quite small testes, and it was 
found best not to weigh each separately, for the surface was so great relatively 
to the mass that rapid evaporation took place. For this reason all the testes 
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Miniopterus australis. The mean testis-weight of 
adults throughout the year. 


of the adults taken in each month were preserved together in formol-salt- 
alcohol, and were subsequently weighed in a mass after removal of the excess 
of preservative with filter paper. The mean weight for each month was obtained 
by dividing by the number of specimens. The results are given in the Appendix, 
and are plotted in the graph. It would be allowable to add one-tenth to 
the preserved weights, as given in the Appendix, so as to arrive at the live 
weights. The graph shows irregular changes in weight, but the increase to 
a maximum in August stands out. 

The tail of one epididymis of the great majority of the males was examined 
for sperms, either by teasing in saline or by sectioning after preservation. 
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The abundance of the sperms was recorded on the following system, which we 
are using throughout this series of papers :— 

3=full normal abundance. 

2—noticeably fewer than full normal abundance. 

1—few sperms present, so that one has to look carefully to see any. 

Ono sperm seen. 


The abundance of sperms throughout the year is shown in Table II. (Some 
individuals were examined for sperm abundance, but their testes were not 
weighed, and vice versa; further, Table II includes young males as well as 
adults : therefore the number of specimens each month does not agree with 
that shown in Appendix I.) 


TasLe IJ.—Miniopterus australis, males. The figures represent the number 
of individuals with each grade of sperm-abundance in the epididymis. 
(The figures in brackets represent specimens which were recognized to be 
immature by the size of the testes, before examination of the epididy- 
mides took place.) 


| Abundance of sperms. | 
| 
aa ir | 
0 ae tala al 
| 
7 September ...... l Se e 7 
B October’. .¢.5%00 4 l 6 2 
20 November ....... | 12 t | 1 1 
11 December........ 13 
UA re) SATU Vere aa 16 | L | 
10 February ....... 10 5 
LOsMarch Writ 14 
1353 pri werent cat 29 AAG 1 
PRP earls o bydtliats Ser 25 (+4) 
QO. JUNG: iais..1st el oe 5 (+3) “a | ar 1 
UBIO a Ss mo teaiorseac 3 (+5) me | 1 10 
DISAUIS UE Gia. airs | (3) 1 12 


Table II proclaims the existence of an annual cycle in the male even more 
clearly than the graph of testis-weights. In September, when the testes have 
shrunk, the epididymides are still large and full of sperms. Their condition 
is represented in PI. 4, fig. 5, which should be compared with the shrivelled 
and empty condition of the organ in March, as seen in the accompanying 
photomicrograph, fig. 6. It was fortunate that our investigation started in 
September and ended in August, the epididymides being full of sperms during 
both these months ; for if we had started in March, for example, we should 
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have found one cycle during the year but been unable to show conclusively 
that the cycle was in fact annual. 

Looking at the material as a whole, one sees clearly that copulation takes 
place about the end of August or beginning of September, and that the develop- 
ment of the embryo starts at once. Copulation occurs at the time of year 
when the days are beginning to get longer and the temperature is rising, ie. 
in ‘spring’; though the use of such a word in the climate of Hog Harbour 
seems absurd (see Baker and Harrisson, 1936). Thus Miniopterus australis 
falls into the same (fifth) category as Nyctinomus mexicanus at Austin, Texas 
(30° N.), which Hartman and Cuyler (1927) showed to copulate only in the 
northern spring, with immediate fertilization and development of the embryo. 


(2) Miniopterus schreiberst Kuhl. 


It will be remembered that this species copulates in the autumn in the south 
of France ; but that since fertilization takes place at once and development 
of the embryo proceeds slowly throughout the winter, it falls into a category 
by itself (Courrier, 1927). The enormous distribution of this large species 
has already been mentioned. It had not previously been recorded from the 
New Hebrides. Unfortunately, we only obtained two specimens (from the 
same cave as M. australis), but the great interest of the species justifies mention 
of them. One was a pregnant female, weighing (without the contents of the 
uterus) 12-1 grams, the weight of the embryo and placenta being 2-4 grams : 
this was taken on 20th November. The other was a non-pregnant female, 
weighing 12-3 gm., taken on 10th March. In the south of France large embryos 
occur in April, which roughly corresponds with October in the southern hemi- 
sphere ; but we have no means of knowing when fertilization occurs at Hog 
Harbour. 


(3) Miniopterus medius Thos. & Wrought. 

We obtained four males and four females which should apparently be ascribed 
to this species, from the same cave as M. australis. They weighed from 
8-3 to 9-1 grams. One of the females was taken in December, one in February, 
and two in March. All were non-pregnant. No sperms were seen in the 
epididymides of the males which were taken in March, April, and May. This 
meagre information seems to indicate that M. medius agrees with M. australis 
in its breeding season. 


(4) Hipposideros cervinus (Gould). 

This brown horseshore bat occurs from New Guinea and Cape York through 
the Solomon and Santa Cruz Islands to the New Hebrides and south to New 
Zealand. We sometimes obtained specimens in the Miniopterus cave and some- 
times shot them on the wing. The reader is referred to an earlier paper (Baker, 
1935, pp. 212-3) for some remarks on a peculiar habit in this species. 

The only pregnant female was obtained on 4th October. It contained a large 
embryo, weighing (with placenta) 1-1 gram. The diameter of the uterus in 
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the region of the embryo was 11 mm. Only two females carrying young were 
obtained during the whole year; this was on 9th December. The young 
weighed 3-8 and 3-9 grams, and would probably not have remained very much 
longer attached to their mothers. The latter had much enlarged false nipples. 
Their uteri had shrunk to the normal size. None of the five females taken in 
March, the four in April, or the eight taken in June was pregnant or carried 
young. (No specimen was taken in the intervening months.) It seems that 
the young are born about October or November, i.e. the part of the year 
corresponding to the beginning of summer in the Southern Hemisphere. In 
France birth takes place in summer (end of June) in the related Rhinolophus 
ferrum-equinum (Rollinat and Trouessart, 1897). 

Some of the males taken in March, April, and June had large testes (20, 30, 
and 40 mg.), and sperms at full abundance were noticed in the epididymides 
of April and June specimens. This gives the impression that copulation occurs 
in the part of the year corresponding to the autumn (as in Europe), but further 
investigation is necessary before the time of ovulation and fertilization become 
known. 


Discussion. 

In the whole of this investigation of breeding and flowering seasons in an 
almost unvarying climate, the most remarkable discovery was that all females 
of Miniopterus australis (except immature and other infertile ones) conceive 
at the same time to within a few days, so that the embryos of all are throughout 
at approximately the same stage in development. Even in a temperate climate, 
no mammal could present a more sharply-defined breeding season. That 
a cave-dwelling bat should do so is all the more remarkable, for the equability 
of climate in caves, even in temperature countries, is well known. The wet 
and dry bulb readings by whirling hygrometer, shown in Table III, indicate 
how little effect the external environment has upon the interior of the cave. 
During the chief day of observation, 4th October, the maximum temperature 
in the Stevenson screen in the open was 28-0° C. and the minimum 21-4° CG. 


Tasie IT1.—Wet and dry bulb readings, by whirling hygrometer, in the Miniopterus 
cave at Hog Harbour. The temperatures are in degrees Centigrade, 


3rd October. 4th October. 5th October. 
ll —l> > SESE 
5 p.m. 10 p.m, 6 a.m, 9 a.m, Midday. 3 p.m. 6 p.m. 9 p.m. Midnight. 3 a.m. 
Dry bulb 4... 22:2) 321: 9 eal: s e229 22-8 22-7 22:7 99-5 22-0 21-4 
Wet Dulbe auc. © 2.3 ae alsOme comma 2272 22-3° 229-2 99-0 21-5 20-8 


The dry bulb temperatures in the cave at 9-10 a.m. on the days of our 
October, November, and December visits were respectively 22-3°, 23-8° and 


99.Q° (4 : 1 : 
22-8° C. Unfortunately, we have no reliable records of the temperature in the 
other months, 


THE SEASONS IN A TROPICAL RAIN-FOREST 159 


It might be thought that the duration of twilight could influence bats, but 
we showed that there is no regular change in the period of twilight during 
the year (Baker and Harrisson, 1936). 

If the conditions in temperate countries were to become changed, so that 
the winters were no longer cold and hibernation became unnecessary, one 
would anticipate that the sperms received at the autumn copulation would 
proceed at once to fertilize the egg, which would develop without delay. It is 
therefore interesting to find that this is not what happens in the tropical climate 
of Hog Harbour (15° 15’ S.), where copulation occurs in the part of the year 
corresponding to the spring, with immediate fertilization and development. 
This is the first full study of the reproduction of any insectivorous bat in the 
tropics ; but it should be noted that Hartman and Cuyler (1927), who found 
spring copulation and immediate development in Nyctinomus mexicanus, 
made their observations closer to the Equator (30° N.) than any previous worker, 


SUMMARY. 

(1) A review of the literature shows that in temperate latitudes bats usually 
copulate in autumn. ‘The sperms are stored in the female until spring, when 
ovulation and fertilization by the stored sperms occur. (Copulation may 
sometimes occur in spring as well as autumn.) 

(2) In the remarkably unvarying tropical climate of Hog Harbour, Espiritu 
Santo, New Hebrides (15° 15’8. in the Pacific), the insectivorous bat Miniopterus 
australis presents a very sharply defined annual breeding season. 

(3) Copulation occurs in the part of the year corresponding with the southern 
spring. 

(4) Fertilization and development of the embryo proceed without delay. 
There is no evidence of prolonged storage of sperms in the female, though 
a few are found in the uterine glands during early pregnancy. 

(5) Brief reports are made on the reproduction of other species. 


APPENDIX. 
Table showing the preserved weights of the testes of adult Miniopterus 


australis during the year :— 


No. of Mean weight 
pairs. of each pair (mg.). 
Wf SSISJOWSIMNOE oa oopocdoc ooo 6 22 8 
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IO: DREARY S 6 Sao ble-ecio oho ago 12 8 
ID INSIENE , occ pds Seeasmens 13 7 
OWN Cla wee eter ere cre in cecete «cs 14 9) 
PSaA Driller wanes cr: ene jcsbs eis + = 26 6 
IBY MU 5a aecencuvodocdasuuet 27 
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EXPLANATION OF PLATE 4. 


Phases in the reproduction of Miniopterus australis. 


Figs. 1, 2, & 3. Embryos in the morula stage, taken on 7th September. 

Fig. 4. Sperms in a uterine gland (7th September). 

Fig. 5. Longitudinal section through the tail of the epididymis of an adult male on 
7th September. The tubules are full of sperms. 

Fig. 6. Ditto on 10th March. The tubules are empty and shrunken. 
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On a few Indo-Pacific species of Pinnotheres, with special reference to 


asymmetry of the walking legs. By Isapenta Gorpon, D.Se., Ph.D., F.L.S. 


(With 7 text-figures) 


[Read 12 November 1936] 


A SMALL collection of Pinnotheres, mostly females, were recently submitted 
to me for determination by Mr. R. Winckworth, who found them in certain 
Indo-Pacific bivalve molluscs. In addition to describing these species I have 
thought it advisable to add notes on two forms already included in the 
very small Pinnotherid collection in the British Museum. I wish to express 
my thanks to Mr. Winckworth for kindly presenting his material to the 
Museum. 

The genus Pinnotheres, comprising a very large number of species, is urgently 
in need of thorough revision. While Biirger (1895, key, pp. 362-364) may be 
said to have laid the foundations of our knowledge of the Indo-Pacific forms, 
it is unfortunate that his descriptions and figures of some twenty-six new 
species are, for the most part, inadequate. Tesch (1918, p. 251) drew up a 
key to the determination of fifty-eight Indo-Pacific species, but does not seem 
to indicate how many of these he had actually examined. It is unlikely, 
however, that he had first-hand knowledge of Biirger’s types. When 
specimens have been provisionally determined by means of Tesch’s key, it is 
often quite impossible to say, with any degree of certainty, that they actually 
are referable to the species in question. For example, two of the species dealt 
with in this paper run down to division 42 of Tesch’s key (i.e. to P. alcocki 
or to P. similis). They differ markedly, especially as regards the walking 
legs, and Biirger’s description of P. similis gives little information about the 
legs, the relative lengths of the dactyli excepted. 

De Man (1929, p. 16) has expressed the opinion that the proportion of 
carapace breadth to length should not be used (as it has been by Tesch, 1918, 
p. 254—e.g. in division 30 of his key) for distinguishing sections of the genus 
Pinnotheres. I am in agreement with de Man on this point, since, in addition 
to exhibiting a good deal of variation in ovigerous (mature) females, the relative 
breadth of the carapace tends to be less in young specimens (see p. 176, and 
de Man, 1929, p. 15, Table of measurements). It is probable ae other 
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characters used by Tesch to distinguish the species may prove to be less helpful 
than he had supposed. For example, he distinguishes between forms in which 
the dactylus of the third maxillipede reaches, or falls short of, the apex of the 
propodus (e.g. divisions 31 and 38 of his key) ; it is possible that this difference 
may sometimes depend on the size of the individuals (see p. 170). 

Asymmetry.—Another curious feature, not known, apparently, to Tesch, 
would have to be studied in considerable detail by anyone revising the genus, 
and that is the often marked asymmetry of the longest pair (or pairs) of legs 
in at least some species. All the fourteen females that I have dealt with in this 
paper, belonging to species with the third pair of legs longest and the dactyli 
of the two posterior pairs longer than those of the two anterior pairs, show this 
asymmetry, which is most marked in the larger specimens. In ten females 
the left, in the remaining four the right, third leg is the shorter. The difference 
is most marked in the dactylus, which in some specimens is more like that of the 
second leg in shape as well as in size; the propodus, and sometimes also the 
carpus, is rather shorter. I had at first supposed that this difference in the 
third pair of legs was due to regeneration of the shorter limb. But, finding it, 
to a greater or lesser degree, in every female, I now think that it may prove 
to be a normal characteristic of at least some species. De Man (1921) found 
this asymmetry in two specimens and described it as an anomaly. He regarded 
the left leg as abnormal in both, although in one specimen (referred to 
P. arcophilus) it was the longer, in the other specimen (referred to P. palaensis) 
it was the shorter. If the shorter limb be regarded as abnormal, de Man 
pointed out that, as far as the walking legs are concerned, both specimens 
should be referred to P. palaensis. Later he (de Man, 1929, p. 14) found the 
’ same asymmetry in eleven females and two males of P. palaensis ; from his 
table of measurements the difference between the dactyli is slight in the males 
and very marked in some of the larger females. De Man suggested that this 
asymmetry might prove “to be a constant character not only of this 
(P. palaensis), but also of other species of Pinnotheres”’. In the only male, 
a very small specimen referred to P. spinidactylus, there is no apparent 
asymmetry (see Table I). 

Because of the interest of this phenomenon, IT have examined specimens 
belonging to some other species, and the results suggest that it occurs quite 
commonly in the genus. In three females of P. pisum from Jersey, taken at 
random, the second pair of legs were asymmetrical ; in this species the second 
legs are the longest and all the dactyli are subequal. The asymmetry is far 
less obvious than in those species in which the longest pair of legs have long 
dactyli; the difference is also more marked in the propodus than in the 
dactylus in two of the three specimens measured. In the holotype (male) 
of P. margaritifera Laurie *, the second pair of legs shows only a very slight 


* 1906, Rep. Pearl Oyster Fish., London, v, p. 424, 
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ditference. A female specimen from Hauraki Gulf, New Zealand, belonging 
most probably to an undescribed species, shows marked asymmetry in the 
three anterior pairs of legs (see measurements). The second pair of legs are 
longest in this form and have the longest dactyli. This asymmetry can be 
seen with the unaided eye, as the specimen is of large size, and the fine setae 
on the propodi and dactyli of the three anterior left legs are longer and more 
numerous than those on the right legs. The following are the measurements 
of the distal segments of the legs in mm. (I of carapace 12°3 mm.) :— 


| 11 ime eet 2 eerste eg pa a. 

| | | | 

| | | | z 
Carpus ..... 3:20 | 288] 320) 320/ 320/ 300 | 240} 248 

|Propodus ..| 412 | 360 | 560 464 480) 424 | 288 | 2. 

‘Dactylus ..| 312 | 264 | 404 328 344 | 280 | 224] 224 

| Total ...... 10-44 | 912 | 1284 | 11-12) 11-44) 1004 | 752 | 7-62 


A cursory examination of P. villosulus Guérin and P. pilumnoides Nobili 
(Laurie det.) revealed no very apparent difference in the legs, which, in the 
former species especially, are short and robust, and have subequal dactyli. 

Assuming that this asymmetry is a normal condition, it adds to the difficulty 
of identifying the forms that exhibit it. Birger and Tesch have both used the 
relative lengths of the dactyli of the walking legs to distinguish between groups 
of species. Moreover, as Biirger invariably figured the legs of the right side, 
he may in some instances have utilized the longer, in others the shorter, leg 
of a pair for systematic purposes. I have made use of the longer third leg in 
attempting to run down the specimens in Tesch’s key, and have described 
and figured it throughout. One reason for doing so is that the longer seemed 
to be much less variable than the shorter one *. 

It is seldom that large numbers of specimens of a species of Pinnotheres 
are available for study. It is most desirable, however, that this question of 
asymmetry should be adequately investigated in at least one species. Large 
numbers of both sexes and of varying size would be required. Until such an 
examination can be undertaken, and more is known of the habits of Pinno- 
therids, it does not seem possible to offer any satisfactory explanation of this 
asymmetry. De Man at first thought that it might be the result of cross- 
breeding between two species inhabiting the same moliuscan host ; later he 
seems to have considered this explanation improbable (1929, p. 16). The 


* According to Shen’s measurements (1932, p. 134), the third left leg of P. sinensis is 
actually rather shorter than the second ; in fig. 78 b, p. 132, however, the artist has drawn 
the legs symmetrical and the third pair is the longest. 
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few males that I have examined show little, if any, trace of asymmetry, but this 
does not necessarily imply that asymmetry is restricted to the females—at any 
rate, in all species. Should it prove, on further investigation, to be characteristic 
of the female sex, it might be that, owing to the position taken up within 
the host, the growth of the longer leg (or legs) on one side of the body is rather 
hampered—e.g. by the pressure exerted by the shell of the host. In that 
case, one would not expect to find asymmetry in species that live in soft-bodied 
Holothurians. 

It would be interesting to know (1) how many species of the large genus 
Pinnotheres are markedly asymmetrical; (2) whether it is characteristic of 
both sexes, or only of the female ; (3) whether or not the position of the female 
within the mollusc shell (should the asymmetry prove to be restricted to females 
of species inhabiting Mollusca) is constant and such that growth of the legs 
on one side might be rather hampered, and (4) at what stage in the development 
of Pinnotherids the asymmetry first becomes apparent. 

P. edwardsi excepted, the species described below have the following characters 
in common :—(1) The carapace is smooth, naked, and parchment-like. (2) The 
dactyli of the last two pairs of walking legs are longer than those of the first 
two pairs, which are subequal. (3) The external maxillipedes are quite 
similar, with the styliform dactylus inserted on the inner margin, and never 
exceeding the apex, of the propodus. They differ most as regards the walking 
legs, quite apart from the asymmetry already discussed—to a lesser extent 
also in general shape of carapace and chela. 

Unwilling though I am to add to the already long list of Pinnotheres species, 
it seems preferable to describe three of the following forms as new rather than 
to refer them doubtfully to imperfectly known species; two forms have been 
referred, with much hesitation, to species established by Biirger. The main 
purpose of this short paper, however, is to emphasize the need for a thorough 
revision of the genus and to illustrate unexpected differences in the walking 
legs of a few forms. I believe that a careful examination of the legs will prove 
most useful to any subsequent worker who may find the time and the opportunity 
to study the genus adequately. 


I. DacryLi OF ALL FOUR WALKING LEGS SUBEQUAL, 


PINNOTHERES EDWARDS! de Man. 
de Man, 1888, p. 103, pl. vi, figs. 6-9. 
Tesch, 1918, pp. 248 & 258. 
Material.—1 large ovigerous ©. 
Host.—Pinna sp. 
Locality.—Siglap (Singapore). 
Remarks.—The walking legs are unfortunately incomplete ; in two specimens 
from Abrolhos the legs show no very apparent asymmetry. 
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Il. DacryLi oF THE TWO POSTERIOR, LONGER THAN THOSE 
OF THE TWO ANTERIOR, LEGS. 


These species may be distinguished from each other as follows :— 


I, Fourth dactylus longer than third *. 


A. Numerous short setae on dorsal, as well as ventral, margin 
of third and fourth dactyli; fourth dactylus longer than 
propodus, and armed with a series of spines or spinules 
on ventral margin, near claw; ratio of second propodus 
to dactylus not exceeding 1-66: 1. 
1. Front advanced beyond, and distinct from, anterior 
margin of carapace ; ratio of second to fourth dactylus 
1: 1-40-1-65; 5-6 long spines near claw of fourth 
Clacby luster does terse eit a cetacean sree terion Mae! onsarsiGl ey sehen P. spinidactylus, sp. n. 
2. Front advanced slightly beyond, and not distinctly 
separated from, anterior margin of carapace; ratio 
of second to fourth dactylus 2:1; 8 short spinules 
TSE Gaygy GE koma CHC ABWE 56 pocaddeusobugudodo050 P. similis Burger. 


B. Long setae restricted to ventral margin of third and fourth 
dactyli; fourth dactylus subequal to, or shorter than, 
propodus, with spines on ventral margin, near claw, absent 
or vestigial; ratio of second propodus to dactylus 
1-82-2-35 : 1. 
1. Ratio of fourth to third dactylus at most 4:3; dactylus 
of chela scarcely two-thirds of dorsal border of palm ; 
propodus of third maxillipede not contracted distally.. P. tdwelae, sp. n. 
2. Ratio of fourth to third dactylus at least 5:3; dactylus 
of chela four-fifths of dorsal border of palm ; propodus 
of third maxillipede contracted distally ............. P. alcockit Rathbun. 


Il. Third dactylus longer than fourth ; [front advanced beyond 
and distinct from, anterior margin of carapace]. 

A. Numerous short setae on dorsal, as well as ventral, margin 

of third and fourth dactyli ; third propodus a trifle shorter 

than dactylus; chela with border of palm convex 
proximal to base of immovable finger ................ P. latissimus Burger. 

B. Long setae on ventral margin of third and fourth dactyli ; 

third propodus at least about half as long again as 

dactylus ; chela with border of palm straight, or slightly 
concave, proximal to base of immovable finger.......... P, winckworthi, sp. n. 


In Table I (p. 168) the relative lengths of the dactyli of the second, third, and 
fourth legs are given, followed by the measurements of the dactylus and 
propodus of the third leg (in mm.). In Table II length of propodus ~ length 


* For the sake of brevity the words “ dactylus” and “ propodus”’, unless otherwise 
stated, refer to the walking legs, e.g. ‘‘ fourth dactylus” is an abbreviation for ‘‘ the 
dactylus of the fourth leg ” ; also‘ ratioof....” refers to the length of the parts mentioned. 


The longer third leg is implied throughout (see p. 165). 
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of dactylus is given for the second, third, and fourth legs. The first specimen 
in each of the new species is the holotype. An asterisk indicates the shorter 
third leg, which varies considerably. 


TABLE I. 
| 
teh Left. Right Left. Right 
Species. | Sex. ~ yi | 9 3 4 | "da'S. Vor gol ea ees 
male 
= olan ch rel Wen an | 
P., spinidactylus .| 2 | 1: 1-20*: 5 | 1: 1-33 : 1-63 | 1-14 | 1:36 | 1-28 | 1-44 
| Q Lele Oos p25 Wl eee SOne LebT 1:00 | 1:24 | 1-20 | 1-40 
2 re < Orin 5 1: 1:30 : 1-50 | 0-84 | 1:16 | 1-00 | 1-32 
| @ 1: 1-04* 57 1 : 1-30 : 1961 | 0-88 | 1-28 | 1:00 | 1:40 
| 9 1: 1-10*#: 1-47 | 1: 1-25: 1-40 | 0:88 | 1-16 | 1-00 | 1-28 
il erecta iil. eeGsadasc 0-68 1-00 | 0-69 | 1-00 
IB COG LOS ne giabe 2 1; 1:59 : 2:00 |1 : 1-35+*: 2:00; 1:04 | 1-40 | 0-80 | 1-28 | 
LEON 6 Bawaaa Q | 1: 2-10 : 2-40 | 1 : 1-10*: 2-45 | 3-36 | 4:96 | 1-76 | 4-00 | 
2 1: 2-00) 5) 2:65 1: 1-00*: 2-60 3:36 4-88 | 2-00 | 4:30 | 
2 Lee l-O8Seless Le 60 sel 96 1-20 | 2-32 | 1-68 | 2-64 
EP GLCOCK arrears 2 Lie el 4* 2-50 1: 1-41 : 2-40 | 0°88 | 1:60 | 0-96 | 1-72 
P. latissimus 2 1: 1-43*2 2-14 Js 2-142 2:07 1-60 2:44 | 2-60 | 2-56 | 
2 Dees 73¥392-40 0 Sls 2:67, 22-33: 1-52 | 2°24 | 2°56 2-48 
P. winckworthi ..| @ | 1: 2:50 : 2°86 | 1: 1-217: 2:32 | 2°80 | 4-16 | 1-44 | 2-88 | 
Oo pedse L-O7*: 71-71) Es 2-00 41-79 7 1320 1266510224 03:68 
| | | 
| 
Tasze II, 
Species. Length of carapace. Left, Right. 
2 3 4 2. 3. 4 
I’, spinidactylus . 5:76 (ovig. 2) 1-39 | 1-21* | 0-82] 1-38 | 172 | 0-88 
5-20 (ovig. 9) | 1:43 | 1-24* | 0-83 | 1-39 | 1:17 0-81 
4:80 (ovig. 2) 1:45 | 1-38* 0-86 | 1:40 | 1-32 0-84 
5:12 @ 148 | 1-46* | 0-89 | 1-48 1-26 0-86 
| 4:72 2 1:66 1-32* | 0-83 1:50 | 1-28 0:88 
| P. similis ...... 4-24 (ovig. 9) | 1:65 1:35 | 0-82 | 1:65 1-60—*| 0-79 
i ttvela Cumann: 11:50 9 2:25 | 1-48 LENS eebilsy |) bear Te12 
z g 2°35 | 1-45 I-10 |) 2°25 4 -2°16* 119 fa 
8-30 2 1:92 | 1-93* | 1:27 | 2-00 | 1-57 1-22 
PP NGLGOOKUE acta ate _approx. 7-00 (ovig. ) L825) T-O6* Re 02M iso 6 mil 70) 1-05 
P. latissimus ... 9-60 (ovig. &) 2-14 | 1-53* | 0-90 | 2-14 | 0-98 | 0:99 
im 8-16 9 2:27 | 1-47* | 0-85 | 2-08 | 0:97 0°82 
| P. winckworthi .. 8-00 (ovig. 9) 1:93 | 1-49 1:06 | 1:95 | 2-00* 1:09 
| 7-36 (ovig. 9) 1:91 | 2:13* | 1-24 | 1-93 | 1-64 1-20 
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PINNOTHERES SPINIDACTYLUS, sp. n. 

Material.— 99 (including holotype, 3 with ova) and 1 J. 

Host.— Modiolus philippinarum (Hanley) 

Locality.—Siglap (Singapore). 

Description of female.—The holotype has the carapace 1-25 times as long 
as broad (/.=5-76, b.=7-2 mm.). It is moderately convex, sloping rather 
steeply downwards near the anterior and postero-lateral margins. Fig. 1a 


Fig. 1.—Pinnotheres spinidactylus, sp. n. 


a. Holotype, in dorsal aspect. approx. 7:5. 
b. Male in dorsal aspect. x 9. 
c. First pleopod of male. x27 & 35. 


shows the general outline of the carapace ; the front is considerably advanced 
beyond the anterior border and the shoulders (or antero-lateral angles) are 
very rounded. The posterior border is slightly concave. The eyes are visible 
in dorsal aspect ; in frontal view they are subcircular, with a small subterminal 
triangular pigmented area. The antennae are not excluded from the orbits. 
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The external maxillipede is represented in fig. 2 a; the dactylus may extend to, 
or, as in the smallest specimen, fall rather short of, the very blunt apex of the 
propodus. 

The cheliped is about as long as the third walking leg and considerably more 
massive. The merus, measured along the outer margin, is approximately 
twice as long as wide; the carpus is abruptly bent inwards, almost at a right 
angle, near the proximal articulation, and is rather wider than the proximal 
end of the palm. The chela is represented in fig. 2b; the dactylus is a trifle 
longer than the maximum width of the palm, and bears the usual blunt 
triangular tooth on the inner margin. 


Fig. 2.—Pinnotheres spinidactylus, sp. n. 


a. Third maxillipede of female, from inner side, most of the setae omitted. x 27. 
b. Chela of female paratype. x 12. 
c-e. Dactylus of second, third, and fourth right legs respectively of female paratype. x 35. 


The walking legs.—The first and second legs are subequal and rather shorter 
than the fourth. In the holotype the relative lengths of the legs on the 
right side are as 1: 1-07 : 1:29: 1-11, the third left leg is rather shorter—1-20. 
In all the females the third left leg is shorter than that on the right side 
(Tables I and IH); this difference is most marked in the dactylus, which 
tends to resemble that of the second leg; the propodus and carpus may 
also be rather shorter (see also p. 164). As shown in Table I the third right 
dactylus is approximately 4 longer than the second in the larger females, } longer 
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in the smallest specimen. The fourth or longest dactylus exceeds the 
propodus in length (Tables f and I). In fig. 2 ce the dactyli of (right) 
legs 2, 3, and 4 are represented greatly enlarged ; in some females the 
spinules on the inner margin of the third dactylus are apparently absent, 
and there appear to be fewer spinules on the fourth dactylus proximal to 
the subterminal series of long claw-like spines. The third and fourth dactyli 
bear numerous fine setae on all sides, those on the inner margin being rather 
longer than the rest. 

Male.—Of the three male specimens that accompany the females, only the 
smallest appears to belong to the same species. The general outline of the 
carapace, which is 3-48 mm. long and 3-52 mm. broad, is represented in fig. 1 b. 
The ratios of dactyli 2, 3, and 4 are 1: 1-40: 1-33, the length of propodus 
length of dactylus is 2-08, 1-55 and 1-06 respectively. There is no apparent 
asymmetry in this small specimen; the measurements of the left and right 
third dactyli and propodi are inserted in Table I. 

The chela is wider than in the female and the dactylus is thus rather shorter 
than the greatest width of the palm. The abdomen is rather similar to that of 
P. sinensis Shen (1932, p. 133, fig. 79 ¢), but segments 4, 5, and 7 are equal 
in length and one-fifth longer than segment 6 ; segment 4 is three times as long 
as wide (proximal margin) and segment 7 is four-fifths as long as wide. The 
first pleopod is represented in fig. 1 c. 

[The two other male specimens, measuring about 4:4 and 5-4 mm. in length 
respectively, have the second and third legs fringed with setae on the propodus 
and carpus much as in P. tsingtaoensis Shen (1932, p. 149). The abdomen, 
however, and the dactylus of the external maxillipede are more like those of 
P. gordoni Shen (p. 152), but the first pleopod is heavily setose on both sides 
and is straight, not curved, at the apex. ‘The distance between the fourth pair 
of legs is equal to the fronto-orbital width, and the carapace length, including 
the much advanced front, is equal to the width. These males, which I have 
not attempted to identify, belong to a species with all the dactyli of the walking 
legs subequal. They show no apparent asymmetry of the walking legs. | 

Remarks.—These specimens are most closely related to P. parvulus Stimpson 
according to Tesch’s key (1918, p. 254), since the carapace is not wide enough 
for P. latus Biirger, especially as described by Tesch (1918, p. 259) *. They 
certainly do not agree with the description of P. parvulus (cf. fig. la with 
Rathbun, 1910, p. 333, fig. 13) as that species has (1) a series of long setae on 
the inner margin of the dactylus of each leg, those on the third being particularly 
long; (2) the fourth dactylus rather shorter than the propodus; and (3) the 
propodi of the second and third legs longer in proportion to the dactyli. 


* The P. latus of Tesch may not be identical with Biirger’s species. According to 
Tesch’s measurements dactyli 2, 3, and 4 are as 1:2:2-9; from Birger’s measurements 
the fourth dactylus is 1-7 times, and in his figure about twice, as long as the second. 
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PINNOTHERES SIMILIS Biirger. 
Birger, 1895, p. 373, pl. ix, fig. 14. 


Material.—1 ovigerous @ (l.=4-24, b.=5-28 mm.). 

Host.—Placenta placenta (Linné). 

Locality. Siglap (Singapore). 

Description.—The dorsal surface of the smooth naked carapace is nearly 
flat posteriorly, sloping rather steeply down towards the slightly setose front 
and, to a lesser extent, in the postero-lateral region. The anterior border is 
convex in the middle, although the front is not clearly separated as in the 
preceding species (fig. 3a). The eyes are not visible in a strictly dorsal view ; 
the pigmented area is larger than in the preceding form. The antero-lateral 
angles, though rounded, are more pronounced than in P. spinidactylus. 
The posterior margin is almost straight. 

The external maxillipede has the antero-internal angle of the ischio-merus 
rather sharply defined and the dactylus does not extend to the rather narrowed 
apex of the propodus (fig. 3 d). 

The chelipeds are equal and more robust than the walking legs. The dactylus 
is almost three-fourths of the upper border, and considerably more than the 
greatest width, of the palm. The dactylus has a blunt triangular tooth on the 
inner margin as in P. spinidactylus. 

The two posterior pairs of walking legs are rather more slender than the two 
anterior pairs. The third is longest ; the second and fourth subequal and rather 
longer than the first. The relative lengths of the legs are almost as in the 
preceding species on the left side ; the third dactylus on the right side is not quite 
complete, but must have been rather shorter. The third and fourth dactyli 
are longer relatively to the second than in P. spinidactylus (see Table I and 
figs. 2c-e and 3c-e); the fourth is the longest and exceeds the propodus 
(Table II), but it is a trifle foreshortened in fig. 3a. It is, moreover, not much 
compressed, with fine setae on all sides and a series of 8-9 spinules near the 
terminal claw (fig. 3). The third dactylus is more compressed and the setae 
on the ventral are longer than those on the dorsal margin (fig. 3 d). 

Remarks.—According to Tesch’s key this specimen is referable to division 42— 
P. similis and P. alcocki. I have compared it with a female of the latter species 
from Mergui, determined by de Man (1888, p. 105, as P. parvulus) and it 
certainly does not belong to that form (ef. figs. 3 & 5). The dactylus of the 
fourth leg in P. alcocki is more compressed, has a series of long setae on the 
ventral margin, is longer relatively to the second dactylus, and is subequal 
to the propodus (‘Tables I & II). There are also very long setae on the ventral 
margins of the propodus and dactylus of the third leg. 

Biirger’s (1895, p. 373) description of P. similis is very brief, and there is 
probably an error in his measurements of the carapace length and breadth, 
which are given as 6 and 9 mm. respectively. In his description he says 
* Riickenschild um { breiter als lang”, and his figure is more in keeping with 


nen 
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this than with his measurements. His figure (pl. ix, fig. 14) is so small that the 
dactyli of the walking legs cannot be measured accurately. The proportions 
of the second, third, and fourth are approximately 1 : 1-70; 2-33, and the fourth 
is distinctly longer than the propodus. Without a re-examination of the type, 
_it is impossible to know whether the setae on the dactyli of the two posterior 
legs occur on all sides, or are more or less restricted to the ventral margin. 
The third maxillipede is stated to be “ ganz wie bei P. latissimus ”, and in the 
figure of the latter (pl. x, fig. 13) the antero-internal angle of the ischio-merus 
is more rounded than in the specimen from Siglap. 
Nor can this specimen be referred to P. nigrans Rathbun (1910, p. 334, 
figs. 16 & 17) *, a form in which the angle of the ischio-merus of the third 


Fig. 3.—Pinnotheres similis Burger. 


a. Female, in dorsal aspect, <9, with front of carapace more highly magnified. 
b. External maxillipede, from outer side, with most of the setae omitted. x 35. 
c-e. Dactylus of second, third, and fourth left legs respectively. 28. 


maxillipede is very well marked. In P. nigrans the “ dactyli of the third and 
fourth pairs [of walking legs are] longest, equal and twice as long as those 
of the first and second pairs ”’. 

As I have only a rather small female, I think it advisable to refer it, for the 
present, though with some hesitation, to P. similis with which it agrees fairly 
well. Of course, when the type of P. similis is re-examined the walking legs 
might prove to differ considerably. 


* According to Miss Rathbun’s measurements the ratio of carapace length to breadth 
is 1: 1-22; in the photograph (fig. 16) the carapace appears to be broader than this and 
Tesch has placed the species in division 33 of his key—with those forms in which the 
carapace is “ nearly 14 times as broad as long”, 


174 DR. ISABELLA GORDON ON 


PINNOTHERES TIVELAE, Sp. Nn. 


Material.—1 © (holotype, l.=11-5, b.=13-6 mm.), 1 9 with part of carapace 
missing, about same size as holotype, and 1 smaller 9 (l.=7:76, b.=9 mm.). 

Host—Tivela ponderosa (Philippi). 

Locality —Muscat (Arabia). 

Description —The carapace is smooth, naked, soft, and parchment like, and 
the tissues underneath are withdrawn slightly here and there round the margins. 


C 


Fig. 4.—Pinnotheres tivelae. sp. n. 
a. Smaller paratype, in dorsal aspect. 4:5. 


bh, External maxillipede, from inner side, with most of the setae omitted. x 20. 
c. Chela of smaller paratype. 9. 


d-f. Dactylus of second, third, and fourth left legs respectively ot holotype. x 9. 
g, h. Dactylus of third and fourth right legs of smaller paratype. 20. 


The general outline of the smallest specimen is represented in fig. 4a; in the 
holotype the eyes are not visible in dorsal aspect and the posterior margin 
is slightly concave in the middle. The carapace is rather convex antero- 
posteriorly, almost flat transversely, except at the sides where it slopes 
obliquely downwards. 

The external maxillipede is represented in fig. 4b; the dactylus scarcely 
reaches to the blunt apex of the propodus, . 
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The cheliped is very similar to that of the preceding species ; the chela is 
represented in fig. 4c, the dactylus is not quite two-thirds of the dorsal border, 
and exceeds the greatest width, of the palm. 

The walking legs have the following relative lengths :—1 : 1-22 : 1-66 : 1-41. 
The dactylus of the first is four-fifths that of the second leg. In the two larger 
females, the third dactylus is twice as long as the second and rather shorter 
than the fourth (Table I and fig. 4d-f). In the smallest specimen the third 
and fourth dactyli are relatively shorter and broader (Table I and fig. 4, h). 
In all three specimens the third leg is shorter, especially as regards the dactylus, 
on one side than on the other (Tables I and II). The fourth dactylus is rather 
shorter than the propodus and the second dactylus is shorter relatively to the 
propodus than in either of the preceding species (Table II). The third and 


Fig. 5.—Péinnotheres alcocki Rathbun. 


a. External maxillipede from inner side, with most of the setae omitted. x 20. 


6. Chela. x9. 
c, d. Dactylus of third and fourth right legs respectively. x 20. 


fourth dactyli are rather compressed and bear longish setae on the inner margin ; 
there are also a few setae near the distal end of the ventral margin of propodi 3 
and 4 (fig. 4 a, e-h). a 
Remarks.—These specimens, according to Tesch’s key, run down to P. similis 
and P. alcocki. The specimen from Siglap appears to be more nearly related 
to P. similis Biirger, especially as regards the general shape of the carapace, 
than these from Muscat (p. 172, ef. figs. 3 & 4, with Biirger, 1895, pl. ix, fig. 14). 
As already mentioned, the fourth dactylus of P. similis is longer than the 
propodus, not shorter, as in these specimens. 
There is, in the British Museum Collection, one female of P. alcocki from 
Mergui (de Man, 1888, p. 105, as Le parvulus). Unfortunately, the carapace 
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is very crumpled and its true outline is thus destroyed. The third maxillipede 
is quite similar to that of the specimens from Muscat (figs. 5a & 4 b), but the 
apex of the propodus, though rounded, is narrower. The chela has a relatively 
longer dactylus—at least three-fourths of the dorsal border of the palm 
(figs. 56 & 4¢). 

The dactylus of the third leg is shorter relatively to the fourth and second 
(see Table I, and figs. 5¢ & 4e,g; P. alcocki is nearer in size to the smallest 
specimen from Muscat. The fourth dactylus is also subequal to its propodus 
(Table IT). 


PINNOTHERES ALCOCKI Rathbun. (Fig. 5.) 


Pinnotheres parvulus de Man, 1888, p. 105. 
Pinnotheres alcocki Tesch, 1918, p. 248. 


Remarks.—See under preceding species. 


PINNOTHERES LATISSIMUS Biirger. 


? Pinnotheres obesus Miers, 1880, p. 314, pl. xiv, fig. 4 (J.=9-6, b.=12-16 mm. 
in ovig. @). 

Remarks.—The three female specimens (one in fragments), from Indo- 
Malayan Seas, referred doubtfully by Miers to P. obesus Dana, certainly do 
not belong to that species. Dana (1855, pl. xxiv, fig. 3) only figured the male 
in detail and the dactyli of the walking legs in that sex are subequal. Tesch 
(1918, p. 251), in his key to the Indo-Pacific species, includes P. obesus in the 
group with “ dactyli of all the walking legs subequal in length ”’. 

The specimens examined by Miers have, on the other hand, very long dactyli 
on the two posterior pairs of legs (fig. 6a and Table I). They seem to be most 
nearly related to P. palaensis and P. latissimus (Birger, 1895, pp. 372-3). 
The shape of the carapace, in the larger specimen particularly, is nearer to that 
of the latter form except that the front is distinctly separated from the rest 
of the anterior border (fig. 6 a—a’’) and the shoulders (antero-lateral angles) 
are more rounded. The ratio of carapace length to breadth is about 1 : 1-27 
in the smaller, 1 : 1-30 in the larger specimen. In Biirger’s figure of P. latis- 
simus (1895, pl. ix, fig. 13) the distal segments of the second and fourth legs are 
missing, but in the text he says ‘‘ die Gehbeine verhalten sich wesentlich wie 
bei A. palaensis ”’* and, in the latter, the third and fourth dactyli are described 
as follows: “ Sie sind annahernd gleich lang und etwa 3 mal so lang wie vom 
Beinpaar 2”. Biirger figures the chela with the immovable finger much shorter 
than the dactylus ; without reference to the type it is not possible to judge 
whether or not this is a normal condition. In the specimens under consideration 
only three detached chelipeds now remain. The chela is very characteristic 
and differs appreciably in shape from that of any of the other species (fig. 6 h, 


* Burger does not state whether the legs on the other side of the figured specimen were 
complete, 
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ef. figs. 2b, 4c, 56, 7c). The palm bulges somewhat near the base of the 
immovable finger and is much narrowed proximally. The smallest  chela, 
belonging presumab'y to the small specimen figured, has the palm relatively 
shorter and less contracted proximally. 

Although the third dactylus is not quite three times as long as the second 
in the small specimen (Table I) and is relatively shorter in the larger complete 
specimen, this form is certainly very nearly allied to, if not identical with, 
P. latissimus. Biirger’s original description and figures are inadequate to 
permit of a detailed comparison. 


Fig. 6.—Pinnotheres latissimus Burger. 


a. Smaller female, in dorsal aspect. x 4:5. 

a’. Anterior border of carapace smaller, a’ of larger female. x 6. 

b. Chela, from inner side. x9. 

c-e. Dactylus of second, third, and fourth right legs respectively. x 20. 


PINNOTHERES WINCKWORTHI, sp. n. 

Maiterial.—2 ovigerous 2 (1. of holotype=8-16, b.=10-32 mm.). 

Host.—Paphia gallus (Gmelin). 

Locality.—Penang. 

Description of holotype-——The carapace, which is approximately 1} times 
as long as broad, seems to be almost flat on the dorsal surface, sloping downwards. 

JOURN. LINN. SOC., ZOOLOGY.—VOL, XL 12 
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anteriorly on either side and in front. On closer examination the mid-dorsal 
surface is seen to be raised somewhat (longitudinally) and there are two wide 
shallow depressions on either side of this low ridge. The general outline is 
represented in fig. 7 a; the front is rather advanced beyond the anterior margin 
and the eyes are not visible in a strictly dorsal view, although the pigment 
shows faintly through the thin carapace. The posterior margin is straight. 
The external maxillipede has the antero-internal angle of the ischio-merus 


Fig. 7.—Pinnotheres winckworthi, sp. n. 


a. Holotype, in dorsal aspect, 


x4, and anterior margin of carapace more highly 
magnified. 


b. External maxillipede, from outer side, with most of the setae omitted. x 20. 
co. Chela. x12; 


df. Dactylus of second, third, and fourth left legs respectively of holotype. x20. 


rather well defined and the dactylus reaches almost to the apex of the 
propodus (fig. 7 b). 

The cheliped scarcely exceeds the carapace in length and is rather stouter 
than the walking legs ; the chela is represented in fig. 7 c, the dactylus is about 


two-thirds of the dorsal border, and rather longer than the greatest width, 
of the palm. 
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The walking legs —In the holotype the relative lengths of the legs are as 
1: 1-16: 1-83: 1-39 and, in the paratype, as 1:1-:15:1-87:1-27. In both 
specimens the third leg on one side is shorter than that on the other, and the 
difference is most marked in the dactylus, which is somewhat similar in shape 
to that of the second leg (see Tables I and II, and p. 164). On the other 
side, the third leg is nearly twice as long as the first and, as illustrated in 
fig. 7a, d-f, has the longest dactylus. The dactyli of the three posterior legs 
of the holotype are represented in fig. 7 d—f ; in the paratype the fourth dactylus 
is somewhat shorter (Tables I & II). There is a series of long fine setae on the 
inner (ventral) margin of dactylus 3 and 4, of propodus 4, and a few longer 
setae at the distal extremity of propodus 3. There are, in addition, a few 
setae on the dorsal border of carpus 4 (fig. 7a). The dactyli are all rather 
compressed laterally. 

Remarks.—I have not been able to fit this species into Tesch’s key. The 
carapace is 1-26 times as broad as long and should, therefore, be included in 
the first subdivision of section 30. It does not appear to be referable to any 
of the species with wider carapace in divisions 31-36 of the key, but to be 
related to P. consors, P. parvulus, and P. lanensis. It differs from P. consors 
Birger (1895, p. 377, pl. ix, fig. 20, pl. x, fig. 18) in having the front less advanced 
beyond the anterior margin of the carapace, the two posterior pairs of legs 
stouter ; the ischio-merus of the external maxillipede narrower in proportion 
to its length and the dactylus and propodus not extending beyond the antero- 
internal angle. In the female referred by Tesch (1918, p. 260, pl. xvii, fig. 4) 
to P. consvrs the front is also much advanced and the antero-lateral angles 
of the carapace are rather sharply defined, the distance between them being 
only about half of the greatest width (of the carapace). The two posterior 
pairs of legs are very slender and their dactyli are equal, the propodi are without 


setae. 

In P. parvulus (Rathbun, 1910, p. 331, fig. 13) the fourth dactylus is “ dis- 
tinctly longest ”’, the third is only half as long as the propodus and has a fringe 
of long setae on the inner border. 

I think it unlikely that P. lanensis Rathbun (1910, p. 332, fig. 14) is a younger 
specimen of this form (l. of carapace 2-4 mm.), because, even if the shorter 
dactylus of the third maxillipede were due to the small size of the individual, 
the outer border of the ischio-merus is much more convex than in the specimens 
from Penang. In P. lanensis the third and fourth dactyli are equal. 


LIST OF WORKS REFERRED To. 


Btreer, O. 1895. Ein Beitrag zur Kenntniss der Pinnotherien. Zool. Jahrb. Jena, 
2 Abt. fur Syst. Bd. viii. pp. 361—90, pls. ix & x. 

Dana, J.D. 1855. United States Exploring Exp. 1838-42. Atlas, Crustacea. 

pE Man, J. G. 1887-8. Report on the Podophthalmous Crustacea of the Mergui 
Archipelago. ... J. Linn. Soc., Zool., London, vol. xxii. nos, 136-140, pp. 1-312. 


180 INDO-PACIFIC SPECIES OF PINNOTHERES 


pE Man, J. G. 1921. Sur quelques anomalies observées chez deux espéces du genre 
Pinnotheres Latr. de ’ Archipel Indien. Bull. Biol. France Belgique, Paris, vol. lv. 
pp. 260-5, pl. viii. 

—— 1929. On acollection of Decapod and Stomatopod Crustacea .... in the Straits 
of Malacca. Bijdr. Dierk., Amsterdam, vol. xxvi, pp. 1-26, 3 pls. 

Miers, E. J. 1880. On a Collection of Crustacea from the Malaysian Region. Ann. 
Mag. Nat. Hist., London, (5) v, pp. 226-72, pls. xiii-xv. 

Ratusun, M. J. 1910. The Danish Exped. to Siam 1899-1900.—V. Brachyura. Skr. 
K. Dansk. Vid. Selsk. Kj6benhavn, (7) Sect. Sci. vol. v, no. 4, pp..303- 67, 2 pls. 

Suen, C. J. 1932. The Brachyuran Crustacea of North China. Zool. Sinica., Peiping, 
vol. ix. fase. 1, 300 pp., 171 text-figs., 10 pls. 

Tesco, J. J. 1918. The Decapoda Brachyura of the Siboga Exped., II. Goneplacidae 
and Pinnotheridae. Siboga-Exped. pt. Ixxxiv. Monograph 39 c1, pp. 149-295, 
18 pls. Leiden. 


ETUDES SUR LA BIOGEOGRAPHIE INTERCOTIDALE 181 


Etudes sur la biogéographie intercotidale des deux rives de la Manche. Par 
KE. Fiscner-Pretrr, Dr.Sc., Sous-Directeur du Muséum. (Communicated 
by Dr. E. J. Auten, C.B.E., F.BS., LSS) 


(Avec 20 figures dans le texte) 
[Read 29 October 1936] 


TABLE DES MATIPRES. 


Page 

IIMRROC CIOS 5 oG0ic'c:0.9. Bric 0 CID O DIAG UC OSI Gino 1 Ee Ie Oe 181 

Géographie sommaire de la région étudiée ...................... 186 

Enumeération des stations étudiées, et description physique ....... 186 

Répartition de chacune des espéces étudiées .................4.. 193 

Algues: Bifurcaria tuberculata, p. 193; Himanthalia lorea, p. 199; 
Laminaires, p. 205; Alaria esculenta, p. 206; Cystoseira 
ericoides, p. 209; Leathesia difformis, p. 211; Rhodymenia 
palmata, p. 211; Laurencia pinnatifida, p. 211; Corallina 
officinalis, p. 211; Lithothamnium lenormandi, p. 215; Meso- 
phyllum lichenoides, p. 216; Lithophyllum incrustans, p. 216 ; 
Catenella opuntia, p. 217. 

Lichens : Xanthoria parietina, p. 220; Caloplaca marina, p. 220; 
Verrucaria maura, p. 221; Lichina confinis, p. 222; Lichina 
pygmaea, p. 222. 

Spongiaires: Hymeniacidon sanguinea ......-.seeeevceccesceees 222 

JNA CCAIR 2 MOO COI “GR A ocmu on adonog opo oa eOO CO Om Oa OOre 224 

Eehinodermes : Paracentrotus lividus ........c0cccsecesceescees 226 


Annélides : Pomatoceros triqueter, p. 226 ; Sabellaria alveolata, p. 229. 
Crustacés Cirripédes: Pollicipes cornucopiae, p. 230; Verruca 
strémia, p. 230; Balanus perforatus, p. 230; Balanus crenatus, 
p- 237; Balanus balanoides, p. 238 ; Chthamalus stellatus, p. 242. 
Mollusques : Oncidiella celtica, p. 245; Otina otis, p. 246; Purpura 
lapillus, p. 247 ; Littorina saxatilis, p. 247; Littorina neritoides, 
p. 247; Genre Patella, p. 248; Patella depressa, p. 249; Patella 
vulgata, p. 250; Patella intermedia, p. 250; Mytilus edulis, 
p. 254; Anomia ephippium, p. 258. 
Répartition verticale. Ordre des résistances spécifiques & l’émersion. 259 


Quelques remarques....-- 6. eee e reece tee e ee eee ene eees 264. 
Remand Oy COMO OM ocoosccodn nce ss 400d Hb doo oe some ous avDOnD 267 
Appendice.........--- seers eee c ec eeee og ule aon deca GOMGIONO Hod c 269 
Ouvrages CitéS. 0... eee cee eet eee teeter tee e screens 269 


INTRODUCTION. 


Le présent travail est la suite directe d’une étude parue en 1932 dans les 
« Annales de l'Institut Océanographique ’, sous le titre: ‘ Répartition des princi- 
pales espéces fixées sur les rochers battus des cétes et des iles de la Manche, 
JOURN. LINN. SOC,—ZOOLOGY, VOL. XL 13 


182 DR. E. FISCHER-PIETTE SUR LA BIOGEOGRAPHIE INTERCOTIDALE 


de Lannion & Fécamp’. J’y relatais des études de biogéographie effectuées 
d une échelle moyenne, si je puis dire: échelle située entre celle ot travaillent 
les écologistes cherchant & connaitre la répartition de détail des espéces dans 
des localités explorées minutieusement, et l’échelle ot travaillent ceux des 
biog¢ographes qui étudient l’aire de répartition des diverses espéces a la surface 
du globe. J’ai en somme cherché & voir, a l’échelle régionale, si une espéce 
donnée posséde des degrés d’abondance différents en différentes stations 
similaires, et si ces variations de l’abondance selon le lieu géographique, peuvent 
avoir une signification quelconque. Je me suis limité 4 l’étude des espéces 
les plus fréquentes (animaux et algues) s’observant sur les points battus. 

Ce premier travail, effectué de Lannion 4 Fécamp et dans les iles situées 
pres de la céte francaise (iles anglo-normandes incluses) m’avait permis de mettre 
en évidence de trés gros faits justifiant pleinement ce nouveau genre de recherches. 

Pour mieux faire comprendre le genre de travail effectué, et le genre de 
résultats obtenus, je rappellerai britvement un exemple, celui du Cirripéde 
Balanus perforatus Brug. : j’ai établi que sa répartition dans la région envisagée, 
est réguligrement ordonnancée autour d’un ‘centre’ représenté par Vile 
d’Aurigny, ot la densité est minima (nulle). En partant de ce centre, on voit 
Vabondance s’accroitre progressivement, dans quelque direction que lon 
aille: vers la baie de Seine; vers Saint Malo en passant par la céte Ouest 
du Cotentin ; vers Saint Brieuc en passant par Sercq, Jersey et Le Léjon; ou 
vers Lannion en passant par Guernesey, les Roches Douvres et les Sept Iles. 

On peut tracer des lignes d’iso-abondance, elles sont assez réguliérement 
concentriques autour de Vile d’Aurigny. 

Ce fait acquiert beaucoup plus d’importance quand on constate qu’un 
organisme pourtant bien différent, le Mollusque Mytilus edulis, possede exacte- 
ment le méme genre de répartition. Des phénoménes aussi réguliers relévent 
évidemment de causes relativement simples: simples en elles-mémes, sinon 
simples & trouver. On voit qu'une telle étude devait étre continuée. 

Je Vai donc continuée* sur une plus grande longueur de cétes, d’une part 
en poursuivant vers l'Ouest l’examen de la céte francaise, jusqu’d l’extrémité 
du Finistére et 4 Vile d’Ouessant, d’autre part en procédant A l’étude de la 
céte anglaise de la Manche, de Newhaven A l’extrémité des Cornouailles, a celle 
des iles Scilly, et & celle @une partie de la céte nord des Cournouailles pour 
comparaison avec la céte Sud. 

Ces études ont été effectuées en 1932, 1933 et 1934, donc dans un laps de temps 
suffisamment court pour que les comparaisons entre stations puissent étre 
considérées comme valables, malgré les transformations possibles de la faune 


* Jadresse mes remerciements au Conseil d’administration de la Caisse des Recherches, 
qui a bien voulu m’attribuer une subvention pour ce travail. J *exprime également ma 
reconnaissance & MM. E. J. Allen et F. 8. Russell, de Plymouth, qui ont facilité mon 


travail et sa publication, et & la Linnean Society of London qui me fait ’honneur de 
publier ce mémoire, 
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Fic. 1.-——Stations étudiées. 
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au cours des années. Je tiens également pour valables les comparaisons avec 
les stations étudiées en France de 1928 & 1932, compte tenu des quelques 
modifications qui s’y sont produites depuis lors (Mytilus edulis; Balanus 
perforatus). 


Le principe directeur de l’exécution du travail demeure le méme qu’en 1932 : 
je me limite a l’étude d’un petit nombre d’especes tres communes de végétaux 
(Algues et Lichens) et d’animaux, fixées sur les rochers exondables battus par 
les vagues, a Veaclusion des rochers abrités couverts de Fucacées. J *examine, 
non pas toute la céte, mais un certain nombre de stations relativement 
rapprochées les unes des autres (par exemple, de Wight 4 Padstow, 21 stations 
cOtiéres, distantes en moyenne de 24 kilométres), de fagon 4 pouvoir suivre de 
proche en proche les changements de la faune et de la flore. 

Il est bien entendu que dans une étude comme celle-ci, ot chaque station 
n’a été visitée qu’une fois (rarement deux ou plusieurs fois), on ne peut prétendre 
établir que des faits comparatifs, mais non pas des descriptions bionomiques 
définitives des stations. En particulier, on ne peut prétendre établir ’absence 
absolue d’une espéce, surtout aux niveaux bas ot les vagues peuvent géner 
les recherches, sans parler de la marée qui n’a pas toujours l’ampleur que 
lon désirerait. 

Prenons un exemple: JlAlgue Alaria esculenta. Elle n’existe qu’aux 
niveaux bas et, de plus, elle est souvent localisée en des régions trés limitées 
de la greéve. Sa recherche est donc aléatoire dans les conditions ov je travaille. 
Par conséquent, si je la dis absente en une station, cela veut seulement dire : 
non trouvée dans les conditions ow je travaille ; cela établit, en tous cas, qu’elle 
ne joue pas en cette station un rdle bionomique important. 


LISTE DES ESPECES BTUDIEES. y 


Algues Phéophycées ....... Bifurcaria tuberculata Stackh. 
Himanthalia lorea (L.) Lyngb. 
Laminaria flexicaulis Le Jolis. 
Alaria esculenta Lyngb. 
Cystoseira ericoides (L.) Ag. 
Leathesia difformis Aresch., 
Algues Floridées .......... Rhodymenia palmata (L.) J. Ag. 
Laurencia pinnatifida (Gmel.) Lamour. 
Corallina officinalis L. 
Lithothamnium Lenormandi Aresch. 
Mesophyllum lichenoides (Ell.) Lem. 
Lithophyllum incrustans Phil. 
Catenella opuntia (Good. et Woodw.) Grev. 
Lachensi 20st cieern Oreos Xanthoria parietina L. 
Caloplaca marina Weddell. 
Verrucaria maura Walh. 
Lichina confinis Agh. 
Lichina pygmaea Agh. 
SPONPIAITES |. hielieenie erie Hymeniacidon sanguinea Grant. 
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ANT NOT oe ondencennoe Actinia equina L. 
Echinodermes ............ Paracentrotus lividus Lamarck. 
FATATAC LIC OS irene tte fee nas es Pomatoceros triqueter L. 
Sabellaria alveolata L. 
Crustacés cirripédes ....... Pollicipes cornucopiae Leach. 


Verruca strémia O. Miiller. 
Balanus perforatus Brug. 
Balanus crenatus Brug. 
Balanus balanoides L. 
Chthamalus stellatus Poli. 
Mollusques Gastéropodes ... Oncidiella celtica Cuv. 
Otina otis Turton. 
Purpura lapillus L. 
Lnttorina saxatilis Olivi. 
Littorina neritoides L. 
Patella depressa Penn. 
Patella-vulgata L. 
Patella intermedia Jetireys. 
Mollusques Lamellibranches. Mytilus edulis L. 
Anomia ephippium L. 


Cette liste reproduit 4 peu de chose pres celle des espéces étudiées dans mon 
travail de 1932. Elle en differe par l’addition de Alaria esculenta, Pollicipes 
cornucopiae et Otina otis, que je n’avais pas rencontrées & ce moment ; et par 
la soustraction de Pachygrapsus marmoratus (Crustacé), qui n’est visible qu’en 
été; de Gibbula umbilicalis (Mollusque) qui n’est pas & proprement parler 
une espéce des stations battues ; et de Acmaea virginea et Helcion pellucidus 
(Mollusques), d’étude malaisée parce que localisées 4 des niveaux bas. 


PLAN DE CETTE REDACTION. 

Nous rappellerons d’abord les notions géographiques générales concernant 
la région étudiée, puis nous ferons l’énumération des stations visitées ainsi 
que la bréve description physique de chacune d’elles ; puis nous étudierons la 
répartition horizontale des espéces faisant l’objet de ce travail, en donnant 
pour chaque espéce les renseignements recueillis dans les diverses stations, et 
en exprimant et interprétant, si possible, cet ensemble de résultats. Enfin, 
nous donnerons des renseignements sur la répartition des espeéces dans le sens 
vertical. 

Dans une rédaction ainsi conduite, on ne trouvera donc pas la description 
bionomique de chaque station, comme dans le travail pus seekern De telles 
descriptions sont utiles, ne serait-ce que pour permettre Ges vouiieu lon: et 
comparaisons lors de visites ultérieures @ ces stations, mais J y al renoncé en 
raison du grand nombre de pages qu’elles exigent. Je me contenterai de 
formuler parfois quelques remarques d’ordre général, par exemple a notant 
si la végétation algale est plus ou moins touffue dans la station citée, ce qui 


influe a@ priori sur la faune. 
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Je n’ai pas cru devoir constituer un chapitre spécial pour un historique 
d’ensemble : je n’ai pas grand chose & ajouter & ce qui a été rappelé dans mes 
précédentes publications. Le travail d’Aupourn et Mitnge-Epwarps, celui 
de Pruvor, l'ensemble des travaux de DE BEAUCHAMP, et mon travail de 1932, 
sont les seuls 4 ma connaissance ot des comparaisons englobant l’ensemble des 
especes sessiles communes soient développées sur de larges étendues. Des 
renseignements partiels peuvent étre trouvés dans les publications les plus 
diverses, tant en France qu’en Grande Bretagne. S’astreindre a les énumérer 
serait de maigre profit. J’y ferai appel — sauf omissions dont je m’excuse 
a lavance — dans les divers chapitres de ce travail. 


GEOGRAPHIE SOMMAIRE DE LA REGION ETUDIEE. 

La carte no. 2 donne les principaux traits géographiques dont le rappel est 
utile & notre exposé : contour des cdtes (nous verrons que ces contours semblent 
avoir une grande importance) ; profondeurs au voisinage des cOtes ; age des 
terrains (leur nature sera précisée dans les pages suivantes) ; principaux points 
d’arrivée d’eau douce, etc. Cela me dispense d’exprimer ces renseignements 
par écrit, sauf celui-ci : 

Il existe certains districts constituant des lacunes dans mes parcours (carte 
no. 1): entre Newhaven et Vile de Wight ; entre Portland Bill et Lyme Regis ; 
entre La Heve et Arromanches ; entre Saint-Germain-s-Ay et Granville ; entre 
Granville et Le Grouin : ce sont des régions qui ne se prétaient pas 4 mon étude, 
soit que la céte y soit sableuse, sans rochers a étudier, soit que les rochers soient 
a priori défavorables a la fixation des espéces que j’étudie : rochers bombardés 
par des galets ; rochers trop abrités, couverts de Fucacées ; substratum azoique 
parce que trop friable, etc. 


ENUMERATION DES STATIONS ETUDIEES, ET DESCRIPTION 
PHYSIQUE TRES SOMMAIRE DE CES STATIONS. 
La carte no. 1 nomme et situe toutes les stations étudiées. Passons & la 
description sommaire de chacune d’elles. 


I. En FRANCE. 


Je ne reviens pas sur les stations étudiées de Fécamp a Lannion : on trouvera 
tous les détails voulus dans le travail de 1929. J’ai toutefois visité une nouvelle 
station dans cette région : la station des Ecrehou. 


Les Ecrehou.—4 septembre 1933 ; coefficient 98-101. 


L’archipel des Ecrehou est situé entre Jersey et le Cotentin. Il est assez analogue 
& celui des Minquiers: c’est une sorte de plateau submergé ott la marée basse découvre 
de larges surfaces, tandis qu’a marée haute n’émergent que quelques tétes de roches, dont 
les plus importantes forment des ilots dépassant de quelques métres le niveau de leau. 
Sur lun deux sont baties de petites cabanes servant & abriter le matériel des pécheurs. 

Nature de la roche: gneiss. Remarques bionomiques: l’aspect est peu battu. Les 
Algues sont trés abondantes, particuliérement les Fucacées. Rares sont les surfaces 
dépourvues de Fucacées et se prétant & l'étude de la faune des points battus. A ce point 
de vue, les Ecrehou sont done trés analogues & Chausey et aux Minquiers. 
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Les autres stations visitées en France se trouvent dans le Finistére, faisant 
suite, vers l'Ouest, & ma précédente étude qui n’avait pas dépassé Trebeurden 
(Cotes du Nord). Ce sont les suivantes :— 

Pointe de Locquirec.—22 avril 1933 ; coefficient 76-79. 


Schistes durcis, redressés, leurs angles sont arrondis par l’érosion. 


Pointe de Primel.—23 avril 1933 ; coefficient 82-84. 


Granite rouge assez polissable, peu favorable aux Lichens. Les Algues des niveaux 
bas sont peu abondantes. 


fle de Batz.—24 avril 1933 ; coefficient 85-86. 


Visite de l’extrémité Ouest de Vile. Granite se fragmentant en gros blocs, arrondis par 
V’érosion. 


Phare du 
Créac’h 


BAIE DOE LAMPAUL 


LE CORCE = BAIL DE 
PEN AR ROCH 


PEN AR ROC'H 


Fic, 3.—fle d’Ouessant (d’aprés la carte du 
Service Hydrographique de la Marine). 


Pointe de Pontusval.—25 avril 1933 ; coefficient 86. 


Cette pointe est située prés de Brignogan. Granite & gros cristaux de feldspath et de 
mica noir, se décomposant comme celui de Ploumanach. 


Tremazan.—26 avril 1933 ; coefficient 84-82. 


La visite de cette localité située prés de Kersaint-Portsal, a porté sur deux points : 

(1°) Anse de Kersaint, 1 ot la route de Kersaint & Tremazan touche la gréve : rochers 
semi-abrités, dénudés par places seulement, et portant ailleurs des Fucus et des Ascophyllum. 

(2°) Devant Tremazan, dans la région de la gréve qui forme & marée basse un grand 


saillant conduisant & un piton rocheux, Granite & grain fin, s’arrondissant plus ou moins 
sous laction de l’érosion, 
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Le Conquet.—9 septembre 1934 ; coefficient 85-88. 


La visite a porté sur la premiére pointe, constituée par des phyllades, qu’on rencontre 
aprés la plage lorsqu’on se dirige vers le Nord. 


Ouessant.—Séjour du 11 au 15 février 1933 ; coefficient 97 le 13 février 1933. 


Liile @Ouessant, située dans le prolongement du Finistére, A 20 km. au large, mesure 
8 km. de long sur 3 km. 5 de large (voir la carte no. 3). Ses rives sont assez abruptes, un 
peu moins cependant dans sa moitié nord, formée de granulites, que dans sa moitié sud, 
formée de micaschistes. La mer y est souvent trés forte, et Vile est longée par des courants 
trés rapides. En particulier, le courant du Fromveur, qui longe la rive sud, est réputé 
pour sa violence. Cette violence ne se fait d’ailleurs sentir qu’A quelque distance des 
berges. Par contre, au nord, le courant torrentueux qui balaie le chenal de Toul Keller 
leche la berge méme. 

J’ai visité les stations suivantes, énumérées en partant de la baie de Lampaul et en 
faisant le tour de Vile par le sud (voir la carte) : 

Pointe de Pen Choret. 

Cale de Pen Ar Roc’h. 

Rocher d’Enez Nein. 

Pointe d’Ar Bachou, ou plus exactement, la premiére avancée située & Est de cette 
pointe, en face de Vilot Ar Youc’h. 

Chenal de Toul Cheller: rochers de Pen Ar Rumen, situés au point ot le chenal est le 
plus étroit, et ott le courant est le plus rapide. Ce courant atteint la vitesse de 9 neeuds.. 
soit 17 km. a l’heure. 

Rochers formant la pointe située a l'Est du Yuzin (a mer baissante, non basse). 

Le Créac’h. C’est le point le plus battu de Vile. J’y ai étudié les parages de Roc’h 
Vouillard. 

Pointe de Pern. 

En plus des stations battues ci-dessus énumérées, j’ai visité des stations semi-abritées 
(baie de Cadoran ; baie de Pen Ar Roc’h, etc.) et abritées (baie de Lampaul). 


Il. En ANGLETERRE. 


Newhaven.—13 mai 1933 ; coefficient 86-80. 


Je n’ai effectué 4 Newhaven qu’une visite des plus sommaires, a Ouest du port. Le pied 
de la falaise est noyé dans une plage de galets; sous cette plage de galets se trouvent des 
tétes de roche, en calcaire tendre (Crétacé), d’une élévation de 1 m. environ. Ces rochers, 
soumis au frottement des galets, ne portent que trés peu d’organismes. 


Culver Cliff (Ile de Wight)—12 mars 1934 ; coefficient 56-65. 


Cette station est située entre Bembridge et Sandown. La gréve est formée de platiers 
caleaires situés A la base d’une falaise friable. C’est une station trés pauvre en raison 
méme de cette constitution lithologique. 


St. Catherine’s Point (Ile de Wight).—27 septembre 1932 ; coefficient 57-65. 


Tl s’agit de la pointe sud de Vile de Wight. Descendant a la grove a Watershoot Bay, 
j’ai étudié les rochers situés & Est de cette petite crique. En ce point, la falaise est disposée 
en gradins, et sa partie inférieure, qu’atteint la marée, est constituée par un calcaire crayeux 
alternant avec des conglomérats et des calcaires marneux. La grove, de pente gis forte 
(20°) est faite de blocs de toutes tailles, depuis des galets (qui se brisent avant d’étre bien 
arrondis) jusqu’a des blocs de 20 métres cubes. Les Fucacées sont abondantes sur beaucoup 
de points, mais on trouve cependant de nombreux blocs bien battus. 
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Freshwater Bay (Ile de Wight).—13 mars 1934 ; coefficient 73-82. 

Cette baie est le seul point ou on puisse accéder a la gréve, & proximité de lextrémité 
Ouest de Vile de Wight, constituée par l’aréte rocheuse de Needles Point. Sous la falaise 
crayeuse, se trouvent des platiers. Des nodules siliceux sont insérés dans la craie. 


St. Alban’s Head.—28 septembre 1932 ; coefficient 74-83. 


J’ai étudié la gréve, a partir de Chapman’s Poole, en allant vers l’Est, jusqu’au point le 
plus avancé du cap. La gréve est inclinée & 20°, et formée de gros blocs entassés, constitués 
par des lits calcaires alternant avec des lits gréseux. 


Portland Bill—29 septembre 1932, coefficient 91-99 ; 14 mars 1934; co- 
efficient 90-96. 


La visite a porté sur l’extrémité sud da la presqu’ile de Portland. La gréve, assez basse*, 
y est formée de calcaire portlandien d’une extréme dureté. Si, partant de la pointe méme, 
on essaie de suivre la gréve occidentale, on est trés vite arrété par de grosses masses cubiques 
aux parois lisses. Par contre, la gréve orientale peut étre suivie sur quelque distance, 
sans difficultés. 

Cette localité est trés pauvre en espéces, ainsi qu’en individus de chaque espéce. Par 
exemple, les petits Cirripédes ne parviennent a prendre insertion que sur quelques pans de 
roche trés localisés. 


Lyme Regis.—17 mars 1933 ; coefficient 78-70. 


La cote a été explorée & ?Ouest de Lyme Regis jusqu’a Pinhay Bay. Elle présente des 
falaises formées d’une succession de lits argileux et de bancs caleaires ; ces falaises subissent 
une érosion trés rapide et ne portent pas de faune sessile. Leur pied est noyé dans un lit 
de galets qui constitue la partie haute de la gréve. Les strates calcaires reparaissent plus 
bas, sous forme de platiers. Ces platiers, peu battus et situées au-dessous du niveau des 
basses mers de morte-eau, sont eux-mémes trés peu favorables au genre d’études que nous 
effectuons, et ne fournissent que des renseignements fragmentaires et d’une interprétation 
incertaine (station peu comparable aux autres). 


Exmouth et Straight Point.—30 septembre 1932 ; coefficient 105-110. 

Partant d’Exmouth et allant vers PEst, j’ai examiné au passage les rochers appelés 
Orcombe Rocks, puis plus loin le cap appelé Straight Point. Tout le rivage est fait d’une 
falaise trés érodable, en grés rouge alternant par place avec des marnes de méme couleur ; 
au bas de cette falaise sont des blocs éboulés, moins friables. Les plages voisines sont faites 
de sable rouge, et la mer, extrémement trouble, présente sur 1 km. environ vers le large, une 
épaisse couleur rouge. Le bleu reparait plus au large, aprés une ligne de séparation trés 
marquée. 

A Straight Point (flanc Ouest, seul étudié), la gréve est inclinée & 20° environ, sauf dans 
sa partie haute constituée par la falaise érodable (peu propice a la fixation des Lichens). 
Les algues des niveaux bas sont bien plus abondantes ici qu’é St. Alban’s Head et & Portland. 


Ces stations se trouvent & proximité de Vestuaire de la riviére Exe, qui a 
été étudié par ALLEN (1900-1903). Son étude c’est étendue jusqu’a Orcombe 
rocks. Il fait remarquer que ces rochers ‘ are so situated that, although often 
exposed to the full force of the Channel seas, their fauna must be largely 
influenced by the water flowing out of the estuary of the Exe’. Nous 
tiendrons compte de ces remarques dans nos conclusions. 


* On sait que les falaises de Portland, trés élevées dans la partie Nord de la presqu’ile 


s'abaissent réguliérement en allant vers le Sud. A la pointe méme leur hauteur est réduite 
a zéro. 
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Brixham.—2 octobre 1932 ; coefficient 113-112. 

Marée effectuée dans Mudstone Bay, a l’extrémité N.E. de cette baie (en allant vers Durl 
Head). Rive orientée face au Sud. Falaise & pic, de grés rouge feuilleté, précédée de gros 
blocs de grés dur. La localité est trés riche en algues aux niveaux bas; les Cirripédes sont 
confluents. 


Prawle Point, prés Start Point.—17 mars 1934 ; coefficient 107-104. 


(1°) Examen de la région de Longerstone Point, endroit semi-abrité ot: les schistes peu 
inclinés tendent & former des platiers. 

(2°) Examen de Prawle Point (flanc ouest et flanc est). Schistes durcis, pente forte. 
La gréve formée par la surface de ces schistes, est relativement unie et lisse, présentant 
peu de cuvettes et peu d’abris. Ces caractéres vont se retrouver, en allant vers l’Ouest, 
sur la plupart des gréves. 


Blackstone Point.—1 octobre 1932 ; coefficient 112-113. 


Avancée rocheuse située au S.-E. de Plymouth, prés de Newton-Ferrers. Schistes durcis, 
redressés, créant des surfaces & fort pendage. De nombreux et minces filons de quartz 
sintercalent entre les lits de schiste, ou perpendiculairement & eux, selon les endroits. 
Sur de telles surfaces de schiste, la vague grimpe avec facilité, et les algues s’insérent difficile- 
ment. 


Rame Head.—10 mars 1933 ; coefficient 71-78. 18 mars 1934; coefficient 
100-95. 


Schistes durcis verticaux, peu favorables aux algues. Gréve inclinée dans son ensemble 
a 30°. J’ai étudié le cap proprement dit, et aussi les rochers se trouvant au début de 
Whitesand Bay. 


Looe.—15 mars 1934 ; coefficient 102-106. 


Marée & Hore Stone Point, puis 4 Portpadler Bay situé aussitét al’ Est. Schistes redressés, 
injectés de quartz. Hau trouble ce jour-la (mer semi-agitée par vents de N.-O.). 


Saint Goran, prés Mevagissey.—16 mars 1934 ; coefficient 108-109. 


Marée & Hemmick Beach, prés Dodman Point (la pointe méme est inaccessible). Schistes 
trés durs injectés de quartz, donnant a l’érosion de légers arrondis. 


Pennance Point prés Falmouth.—12 mai 1933 ; coefficient 96-91. 


J’examinai d’abord, & marée baissante, la petite anse de Maen Porth ot se trouvent des 
surfaces rocheuses peu inclinées, genre platiers, formées de schistes durcis ; puis, a marée 
basse, les rochers de Pennance Point, formés eux aussi de schistes durcis disposés un peu 


comme des platiers. 


Lizard Point.—11 mai 1933 ; coefficient 102-100. 

Etude effectuée en divers points, mais principalement dans la partie Ouest du cap, et 
dans les parages de la station du bateau de sauvetage. Schistes durcis, plus ou moins 
métamorphisés, selon les endroits, jusqu’é passer & du gneiss. 


Carn-Du Point.—l4 mars 1933 ; coefficient 107-106. 

Cette station est située au sud de Penzance, prés de Lamorna cove. Granite porphyroide, 
& mica noir. Reliefs beaucoup plus arrondis que dans les stations précédentes, masses 
rocheuses plus tourmentées rappelant les stations bretonnes. 


192 


DR. E. FISCHER-PIETTE SUR LA BIOGEOGRAPHIE INTERCOTIDALE 
Iles Scilly. 


Archipel formé d’iles basses, granitiques, disposées en cercle autour d’une 
sorte de mer intérieure ou la force des vagues est un peuatténuée. Cet archipel 
est situé & 45 km. au large de la pointe de Cornouailles. 

Il est formé de 5 iles principales, dont la plus grande est St. Mary’s. J’ai 
visité 3 de ces iles : St. Mary’s, Tresco, St. Agnes (carte no. 4). 

I. St. Mary’s.—Etude effectuée les 6 et 7 mai 1933, deux marées par jour ; 
coefficients de 66 a 86. 


J’ai exploré assez complétement la céte, depuis le port jusqu’a Port Hellick en passant 
parle Sud. Granite a gros cristaux, d’aspect physique assez semblable a celui de Guernesey, 
et comme lui peu favorable aux Cirripédes. 
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Fia. 4.—[les Scilly (d’aprds Ordnance Survey Road Map). 
1. Tresco.—8 mai 1933 ; coefficient 86-91, 


Ktude de la pointe nord de Vile. 


Granite & trés gros cristaux de feldspath, gros grains 
de quartz et petits cristaux de mica. Frosion assez angulaire. 
de grande taille, peut-6tre chassées par la force des vagues. 


Station pauvre en algues 
I. St. Agnes.—9 mai 1933 ; coefficient 96-100, 


J’ai examiné: (1°) la cale de débarquement (point abrité, Fucus dissociées) ; (2°) les 
rochers au voisinage de Halftide Ledges ; (3°) les rochers de Horse Point, & fexke ité 
sud de Vile, ot. Pérosion donne de grosses masses arrondies par places ye 
en d’autres places. 


et des banquettes 
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Cape Cornwall—15 mars 1933 ; coefficient 104—90. 


J’aurais voulu étudier Land’s End, mais la falaise y est inacessible ; au contraire, Cape 
Cornwall forme une pointe relativement basse. J’en ai étudié le flanc nord. Toutes les 
inclinaisons y existent, depuis la verticale jusqu’a des platiers, comme en Bretagne. Schistes 
trés durcis, fortement injectés de quartz et plus ou moins métamorphisés, donnant par 


érosion des surfaces arrondies. 

Zennor pres St. Ives —13 mars 1933 ; coefficient 105-107. 

Marée a Porthzennor cove prés Zennor Head (inacessible). La gréve comprend des 
schistes durcis, par places, et surtout des roches basiques microgrenues, noir-verdatre, 
se polissant jusqu’a étre trés glissantes. 


Navax Point.—12 mars 1933 ; coefficient 97-101. 


Trés hautes falaises. Le cap méme n’est pas accessible. La marée a été faite sur le 
cété est de Navax Point, entre ce cap et Hell’s Mouth, & Vaboutissant du seul sentier de 
cette région, qui dessert la petite gréve de Fisherman’s cove: gréve de sable limitée & gauche 
par une barriére de roche en place, & droite par des éboulis de gros blocs. Schistes trés 
durcis, fortement mélés de quartz. Leur feuilletage ne commande pas leur érosion : les 
surfaces d’usure sont plus ou moins arrondies. 

Station semi-battue ou battue. Trés peu de Fucacées, algues abondantes aux niveaux 
bas. Les niveaux les plus élevés (au-dessus du niveau des pleines-mers de morte-eau) 
n’ont pu étre étudiés, parce qu’inaccessibles. 


Newquay.—11 mars 1933 ; coefficient 85-91. 


Etude portant principalement sur la partie Nord-est de Towan Head, masse de schistes 
durcis mélés de quartz, unie au reste du rivage par un mince pédoncule. Le flane Nord-est 
est fortement escarpé ; les rochers Ouest sortent d’une grande plage de sable (Fistral Bay), 
sur laquelle ils sont précédés par des sortes de platiers en pente douce. 


Trevose Head, pres Padstow.—16 mars 1933 ; coefficient 96-86. 


La pointe méme étant inacessible, l'étude a porté sur l’anse située immédiatement & PEst 
de cette pointe, et oti sont des masses rocheuses de schistes durcis injectés de quartz. Cette 
étude a été trés fragmentaire (niveaux hauts et moyens) et n’est utilisable que pour les seules 
espéces Chthamalus stellatus, Balanus balanoides et Mytilus edulis. 


REPARTITION DE CHACUNE DES ESPECES ETUDIEES. 


Nous suivrons le méme ordre que dans le travail de 1932: Algues brunes ; 
Algues rouges; lLichens; Spongiaires; Anthozoaires ; Echinodermes ; 
Annelides Polychétes; Crustacées Cirripédes ; Mollusques Gastéropodes ; 
Mollusques Lamellibranches. 


ALGUES. 
BIFURCARIA TUBERCULATA Stackh. 


COTES FRANGAISES ET {LES DE LA MancuE.—Historique sommaire. Bifurcaria 
peut se trouver sur les rochers exondables, formant une ‘ bordure ’ s’élevant 
un peu plus haut que les Laminaires. Mais en diverses stations on ne la trouve 
que dans des cuvettes ; enfin il est des stations ot elle fait défaut. 

Etudiant la répartition de ces trois sortes de stations, de Lannion a Fécamp, 
j’ai fait remarquer que l’espéce y formait bordure tout le long des cétes situées 
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& proximité de fonds importants (ligne des fonds de 50 m.); et qu’en retrait 
de cette ligne, on ne la trouvait pas, en bordure, sauf en quelques points ot 
des fonds encore suffisants (-20 m.) se trouvaient 4 proximité immédiate du 
rivage ; enfin, lA ot la bordure fait défaut, l’espece peut encore se trouver dans 
des cuvettes situées 4 des niveaux élevés. 

Jinterprétai ces faits de répartition en ramenant tout & des questions de 
lumitre ; la lumiére parvient en quantité suffisante a l’algue dans les cuvettes 
des niveaux hauts ; aux niveaux bas, elle n’arrive en suffisance que si la couche 
d’eau sus-jacente n’est pas trop épaisse (rdle de lamplitude de la marée) 
et n'est pas trop trouble (action du voisinage des hauts-fonds remués par les 
vagues). Des mesures de pénétration de la lumieére, effectuées en divers points, 
donnérent appui 4 cette hypothése (Priére de se reporter au travail de 1932 pour 
plus de détail). 

Tels étaient les faits, et leur interprétation valable de Lannion a Fécamp. 

Qu’allons nous constater dans les autres régions étudiées dans le présent 
travail ? 

Nouvelles observations (voir fig. 5).—Dans le Finistére, de Primel 4 Ouessant, 
la bordure de Bifurcaria existe dans toutes les stations étudiées : peu fournie 
& Primel et & Pontusval (localisée en un point, sur le seuil rocheux précédant 
lextréme pointe), bien fournie 4 Batz, au Conquet, 4 Ouessant (toutes les 
localités visitées), et luxuriante 4 Kersaint. 

Toutes ces stations étant situées dans des régions ot la marée est d’amplitude 
modérée *, et sur des cétes plongeant rapidement vers des fonds importants 
(50 m.), je pouvais m’attendre & y trouver de fagon constante la bordure 
de Bifurcaria sur les points battus: les faits cadrent avec linterprétation 
ci-dessus rappelée. 

A la pointe de Locquirec, située au fond de la baie de Lannion entre Primel 
et Trébeurden, je n’ai pas observé de Bifurcaria en bordure : je ne les ai vues 
qu’en cuvettes, vers le niveau moyen de la mer, c’est-d-dire & des niveaux 
plus élevés que celui ot se trouverait une bordure. La encore ce fait est en 
pleine conformité avec mon interprétation : la station de Locquirec se trouve 
séparée des régions d’eau profonde, par les hauts fonds de la baie de Lannion, 
et elle est d’ailleurs environnée de grands dépéts de vase: l'eau y est trouble 
et intercepte la lumicre. 

Dans la région normano-bretonne, nous avons quelques additions a faire 
aux données de 1932. 

La bordure est présente aux iles d’Herm et Jethou, comme je m’y attendais 
(ces iles, non portées sur la carte no. 1, sont situées entre Guernesey et Serk). 
Elle est présente également sur le récif ‘ Pater noster ’, situé au nord de J ersey 
(renseignement transmis par Mr. pr VirviLLE) Je l’ai vainement cherchée 
aux Eerehou, comme auparavant dans les stations de la partie Est de Jersey. 

* L’amplitude de la marée décroit en allant d’Est en Ouest. Pour une marée de co- 


efficient 100, et compte tenu des corrections du Zéro, VPamplitude est de 8 m. 50 & Plou- 
manach, 8 m. 10 & Batz, 7m. 10 & Ouessant, 7 m. A Brest, 
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Tous ces faits sont en conformité avec mon interprétation, les Ecrehou se trouvant 
-! > 
beaucoup plus loin de la ligne des fonds de 50 m. que les stations d’Herm, 
Jethou et Pater noster *. 
Donec, pour ce qui concerne la France de Fécamp 4 Ouessant, et les iles 
Anglo-Normandes, les faits de repartition de Bifurcaria me paraissent assez 
. o* . 24 , 
clairs, et s’expliquent jusqu’ici d’une maniére suffisamment approchée, par 
Vhypothése rappelée plus haut. 


ANGLETERRE.—Historique sommaire. La répartition de Bifurcaria tuber- 
culata se localise dans le sud de l’Angleterre, et en Irlande. 

TURNER (1802) cite pour Fucus tuberculatus les localités suivantes : * Rocks 
near King’s Cave, and St. Michaels Mount, Cornwall be 

Harvey (1846) donne les localités suivantes pour Pycnophycus tuberculatus : 
‘Several places on the coast of Cornwall (Hudson, Stackhouse, Turner, etc.), 
Ilfracombe (Bishop Goodenough), Bill of Portland (Mr. Bryer), North of 
Treland (Dr. Scott, sec. Turner). Abundant on the west coast of Ireland, 
in several places, from Galway to Cork. Jersey (Miss White and Miss Turner). 
In the British Islands, it is much more common in Ireland than in England, 
being abundant along our western coasts, at least as far north as Galway. 
Whereabouts in “ the north of Ireland ” Dr. Scott met with it, we are not told, 
but no one has found it recently on the shores of Ulster ’. 

On voit que, méme laissant de cdté la trouvaille douteuse de Scorr, l’espéce 
s’avance beaucoup plus au nord en Irlande qu’en Angleterre. 

Des précisions sur la limite septentrionale de lespéce nous ont été données 
par Corron (1912), étudiant la céte ouest d’Irlande : * It appears probable that 
the Roundstone neighbourhood is the northern limit in the British Isles for this 
species. It occurs on the coast of Southern England, and is known in Ireland 
from the counties of Cork, Clare, and Galway, being abundant in the last 
named at Dog’s Bay. The pools of Clare Island, and the more open part of 
Clew Bay, which are eminently suited for it, were carefully worked, yet not 
a single plant was observed.’ 

La localité de Roundstone est a la latitude 53° 20’. 

Observations personelles.—Quel va étre sur la céte anglaise, le résultat de 
l'étude faite de proche en proche sur la distribution et le genre d’habitat de 
cette espéce sur les points battus ? 


Les faits que donne cette étude (carte no. 5) sont infiniment moins clairs 


que ceux que nous avait donné l'étude des cétes frangaises et des iles de la 
Manche. 


* Une derniére observation, faite en cours de rédaction, s’explique moins bien: ayant 
visité en aotit 1935 Varchipel des Minquiers, Maitresse-ile, jai trouvé une bordure de 
Bifurcaria, étroitement localisée & Vextrémité Nord-est de la gréve de cette ile, en un point 
assez abrité des vagues, mais ot le courant est d’une violence extréme. Cette station 
étant précédée de hauts fonds importants, je ne m’attendais pas a y trouver les Bifurcaria. 
Je n’ai malheureusement pas pu y effectuer de mesures de transparence de l’eau, qui seules 
nous feraient connaitre de fagon positive si ce fait contredit, ou non, mon hypothése, 
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Un fait important ressort immédiatement de l’examen de la carte : Vespece 
est beaucoup moins répandue sur la céte anglaise que sur la cote francaise. 

En effet, je n’ai rencontré la bordure de Bifurcaria que dans les seules 
stations suivantes: Prawle Point (sur les platiers de Langerstone Point) ; 
Tle St. Agnes (Scilly), tant 4 Halftide Ledges qu’a Horse Pt.; et A Zennor pres 
St. Ives. 

En plusieurs autres stations, encore peu nombreuses, j’ai rencontré Vespece 
en cuvettes, mais non en bordure: Rame Head; Start Pt.; Tles St. Mary’s 
et Tresco (Scilly) ; Cape Cornwall. Il importe de préciser que dans ces stations, 
on peut la trouver, non seulement dans des cuvettes situées 4 des niveaux 
élevés, mais aussi 4 des niveaux moyens et bas, y compris le niveau ow se 
trouverait la bordure si elle y existait *. 

Mais dans les 15 autres stations étudiées, je n’ai pas trouvé cette espece. 
Je ne suis d’ailleurs pas fondé & en conclure & son absence formelle de ces 
stations. Par exemple, 4 Portland Bill ow je l’ai vainement recherchée A deux 
reprises (1932 et 1934), elle avait cependant été signalée par Mr. Bryer cité 
par Harvey fF. 

Ces renseignements portés sur la carte donnent une répartition d’allure 
trés capricieuse contrairement 4 ce qui existe en France ot la distribution 
est si bien ordonnancée. 

Pour expliquer cette répartition capricieuse, serons-nous aidés par l’hypothese 
émise en 1929? I] ne le semble pas. Cette hypothese fait intervenir, d’une 
part la présence de hauts fonds provoquant le trouble de Peau, d’autre part 
Vamplitude de la marée. Or tout le long de la céte anglaise la ligne des fonds 
de 20 métres suit trés étroitement le rivage : il n’y a qu’a Exmouth (Straight Pt.) 
et & Culver Cliff (Wight) qu’elle s’en écarte{. Quant a4 la marée, elle est 
partout trés faible. Voici les amplitudes pour une marée de coefficient 100 : 


Ampluinde des marces a Newhaven- .......-....-.-:+4..--. 6 m. 10 
Culver-Clit (Bembridge Pt,).. 3.242. 4m. 40 
Freshwater Bay (Needles Pt.) ........ 2m. 55 
IPOUGI NING Mier cies aie tae tt ake se wee ele 2m. 55 
ymies Regis | i, .gh eas eee dees Se eas 3m. 80 


* A cette liste de localités je dois en ajouter deux autres, situées hors de la région de mon 
étude, mais que j’ai visitées en Octobre 1932: a Ilfracombe, ot: Pespéce avait déja été 
citée (voir Harvey), j’ai constaté qu’on la trouvait dans les cuvettes, depuis les niveaux 
bas jusqu’au dessus du niveau moyen, mais pas en bordure ; & Lynton, situé au Nord-est 
d’Tlfracombe gur la céte nord du Devon, Bifurcaria se trouve a Woody Bay dans une grande 
cuvette située entre le niveau des basses mers de vive-eau et celui des basses mers de morte- 


eau. Ilse peut que cette station soit la plus septentrionale de celles d’Angleterre. Latitude 


ESI ARS 

+ Il convient de noter que Harvey ne précise pas si Pespéce a été trouvée en place ou 
en épave. ¥ 

+ A Exmouth l’eau chargée de sable rouge est tellement trouble quwil semble bien que 
cela suffise & interdire existence des Bifurcaria. Mais dans tous les autres cas d’absence 


(14 cas) notre hypothése est insuffisante. 
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Amplitude des marées & Straight Pt. (Exmouth) ............- 3m. 95 
Brixham (Dartmouth) .............. 4m. 55 
Plyniouth 9 Poca Wis te hanes, Ce 
Loder. coe bed 208 Ses oe ee) Ce 
Falmowth ave ect 9: ie ee = ee or 
Penzanc® 0. sees cece oe ee Os 
Ties Scilly a7okenGes See e tere 5m. — 
Cape Cornwall ».:i. 2 trails anes <n ee 
Zennor (Ste lves) ss): ein vieee ee se oc ciepuewiiehtiee CF 
Newquay <s.<. 0). aust Ree ror, * 6 m. 60 


On voit que les amplitudes sont beaucoup plus faibles sur la céte anglaise 
que sur la cote francaise ou elles varient de 5 m. 50 (Barfleur) & 13 m. 25 
(Cancale). 

L’absence de Bifurcaria en de nombreuses stations, n’est done pas due ici 
& l’épaisseur et au trouble de la couche d’eau interposée 4 marée haute. Je 
trouve d’ailleurs une preuve de cette conclusion négative, dans le fait que, 
dans les stations ol Vespéce ne se trouve qu’en cuvettes, elle ne limite pas son 
habitat aux cuvettes des niveaux élevés, mais se trouve jusque dans des cuvettes 
situées au-dessous du niveau des basses mers de morte-eau. 

L’hypothése de 1932, qui suffit & peu prés pou’ la céte francaise ne suffit 
done plus pour la céte anglaise : de nouveaux facteurs défavorisants doivent 
ajouter leur action a celle du facteur * absortion de la lumieére ’. 

Quels peuvent étre ces facteurs défavorisants ? 

On peut d’abord penser, si ’on veut essayer d’épuiser le chapitre * lumiére ’, 
& Paffaiblissement de la luminosité en allant vers le nord. Mais cela n’expli- 
querait pas que l’espéce s’avance davantage vers le nord en Irlande qu’en 
Angleterre. 

On peut penser aussi & des questions de température. Bifurcaria tuberculata 
est une espéce relativement méridionale qui se trouve jusqu’au Maroc. Dans 
lhypothése que ses limites d’extension vers le nord soient réglées par la 
température, diverses particularités de sa répartition s’expliqueraient assez 
bien. 

Reprenons le travail de Corron sur V'Irlande. Cet auteur nous apprend 
(p. 170) que la température de la mer est pratiquement la méme en Irlande 
occidentale et en Angleterre méridionale, et que méme la température atmo- 
sphérique est plus égale sur la cote sud-ouest d’Irlande que sur la céte sud-ouest 
d’ Angleterre : done les froids de Vhiver y sont moins prononcés. En janvier 
la température moyenne est de 6° 11, ce qui correspond au régime du sud de la 
France et du nord de l’Adriatique. 

Kn deuxiéme lieu, le fait que Pespéce est plus prospére aux jles Scilly que 
sur la céte anglaise, s’expliquerait par la douceur plus grande du climat de ces 
iles. 

Kn troisiéme lieu cela nous expliquerait que les Bifurcaria de la céte anglaise 
soient généralement localisée dans des cuvettes, méme aux niveaux bas, 
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et n’en sortent qu’exceptionnellement pour former une bordure : elles restent 
ainsi & l’abri des abaissements maxima de la température en hiver. 

Enfin, il m’a été donné de constater qu’a la limite septentrionale de l’espéce 
sur la céte anglaise, A Ilfracombe et a Lynmouth, les Bifurcaria ne font pas que 
se localiser dans des cuvettes: on peut constater en outre, que, sauf aux 
niveaux bas, les Bifurcaria ne se trouvent que dans des cuvettes de grande 
capacité, et qu’elles se localisent au fond de ces cuvettes: le volume de l’eau 
met obstacle au refroidissement ; celui-ci n’est plus marqué que dans les couches 
superficielles, que précisément l’espece abandonne. 

Il nous reste 4 expliquer l’allure capricieuse de la répartition des Bifurcaria 
sur la céte anglaise : sa présence en certains points de préférence 4 d’autres qui 
& premiere vue ne paraissent pas plus défavorables (exemple : présence A Zennor, 
absence & Carn Du Point). Sans pouvoir expliquer ces caprices de répartition, 
je ferai toutefois remarquer qu’ils peuvent étre en rapport avec le fait que nous 
nous trouvons tout pres de la limite générale de répartition de l’espéce vers le 
Nord. Dans un tel cas la présence de l’espéce est précaire, et on concoit que, 
lorsque lintensité des facteurs défavorisants se trouve prés d’atteindre de degré 
de prohibition, des influences minimes puissent suffire & jouer le rdle de com- 
plément par lequel ce degré se trouvera atteint. 

Dans de telles conditions on peut également s’attendre a observer des différ- 
ences d’une année a une autre. Peut-étre les Bifurcaria, qui m’ont paru faire 
défaut & Portland Bill, sont-ils capables de s’y implanter parfois (HARVEY, 
voir plus haut note infrapaginale). 

La connaissance des faits de répartition de Bifurcaria en Angleterre, et leur 
explication possible, peuvent-ils nous éclairer en retour sur certains faits de 
répartition observés en France ? 

On peut se demander si l’absence de Bifurcaria dans des fonds de baie, 
golfe normano-breton et baie de Seine, ne serait pas due a des différences de 
climat, légérement plus continental dans ces baies que sur les parties saillantes 
de la céte. Ilse pourrait bien qu’une telle raison contribue 4 expliquer l’absence 
de cette espéce dans la baie de Seine, ot le refroidissement hivernal est assez 
prononcé. Mais je ne crois pas qu’elle puisse jouer dans le golfe normano- 
breton ; ou, tout-au-moins, le facteur ‘lumiére’ l’emporte de beaucoup en 
importance sur le facteur ‘refroidissement hivernal’: la localisation des 
Bifurcaria dans les cuvettes les plus élevées, sa présence en particulier dans des 
cuvettes trés plates ot les pieds se trouvent jusqu’a la surface méme de l'eau, 


est suffisamment significative 4 cet égard. 


HIMANTHALIA LOREA (L.) Lyngb. 

COTE FRANGAISE ET iLES DE LA Mancusu.—Ztat de la question. La répartition 
d’Himanthalia sur les cotes frangaises de la Manche a été établie par les travaux 
de Pruvort, JouBIN, DE Beaucuampe, Lami, HAMEL et par mon travail de 1932. 

J’ai montré que Himanthalia forme une ‘ bordure ’ bien représentée le long 
d’une ligne jalonnée par la cdte du Trégorrois, le long des iles externes du groupe 
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normano-breton et sur la céte nord du Cotentin. En retrait de cette ligne, 
la bordure d’Himanthalia fait défaut, aussi bien dans les iles (Jersey etc.) 
que sur la céte. On peut cependant y trouver l’espéce, non plus en bordure, 
mais dans des cuvettes, et uniquement A un niveau plus élevé que celui 
qu’occuperait la bordure. Ces faits m’ont suggéré une interprétation analogue 
d celle proposée pour Bifurcaria, faisant intervenir des besoins précis vis-a-vis 
des radiations solaires, pour lesquelles Himanthalia serait encore plus exigeante, 
& certains points de vue, que Bifurcaria. 

Le fait que la bordure est localisée le long de la ligne des fonds de 50 m., 
ou l’eau est transparente et les marées relativement faibles, le fait qu’elle 
manque dans les régions ot l’eau est trouble et les marées fortes, permettent 
de supposer que la couche d’eau surmontant 4 marée haute les Himanthalies 
ne doit pas étre trop épaisse ni trop trouble, pour ne pas absorber trop fortement 
les radiations solaires. Cela expliquerait que dans de telles conditions l’espéce 
ne puisse exister qu’a des niveaux élevés, donc sous une moindre épaisseur d’eau 
(dans ce cas elle est nécessairement localisée dans des cuvettes car la dessication 
a marée basse la tuerait). 

L’effet nocif de la couche d’eau & marée haute, jouerait surtout en hiver 
pendant les périodes de morte-eau ; pendant ces périodes la mer est haute 
le jour, basse la nuit, de sorte que les radiations solaires ne parviendraient 
jamais en quantité suffisante au niveau que pourrait occuper la * bordure ’ 
d’Himanthalies. 

Nouvelles observations. —Les nouveaux faits observés en France et dans les 
iles anglo-normandes rentrent rigoureusement dans le cadre des faits ci-dessus 
rappelés, et Pinterprétation proposée s’y applique donc. 

En effet, j’ai observé : 

La présence de la bordure d’Himanthalies & Herm et 4 Jethou, iles situées 
entre Serk et Guernesey le long de la ligne des fonds de 50 m.; son absence 
aux Kerehou, situés en retrait de cette ligne ; M. pr ViRVILLE m’a fait connaitre 
qu il avait vainement recherché cette bordure sur le récif Pater Noster situé 
pres de la cote nord de Jersey. 

Dans le Finistére (ot la répartition était déja connue pour la région de 
Roscoff), les faits sont les suivants: la bordure fait défaut & Locquirec, ou 
cependant on trouve quelques pieds dans des cuvettes, & un niveau plus élevé 
que celui que pourrait occuper la bordure ; elle est présente dans les autres 
stations étudiées: Primel, oi la bordure est peu fournie et trés localisée ; 
Batz ; Pontusval (bordure magnifique) ; Tremazan; Le Conquet ; Ouessant, 
dans toutes les stations visitées. 

L’absence de la bordure & Locquirec, s’ajoutant & celle antérieurement 
constatée & Trebeurden, situé comme Locquirec dans le fond de la baie de 
Lannion, s’explique bien & mon avis, par le trouble de l’eau dans ce fond de baie. 
La pointe de Primel est déja située moins loin de la ligne des fonds de 50 m. 
et Peau y est certainement plus claire. Quant aux autres stations occidentales, 
elles se trouvent 4 proximité immédiate des profondeurs. 
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ANGLETERRE.—Historique. Himanthalia lorea est connu comme abondant 
en Angleterre. TURNER cite Fucus loreus ‘on the rocks in Cornwall and the 
western coast of England ; among the rejectamenta of the sea at Yarmouth ’. 
Harvey lui donne pour habitat : ‘On rocky sea shores, near low water-mark. 
Common’. Et pour distribution géographique: ‘Atlantic shores of Kurope 
from Iceland (Mohr) to Portugal (Brotero). Eastern coast of North America’. 
On voit que cette espéce est plus septentrionale que Bifurcaria tuberculata, 
tant par sa limite sud que par sa limite nord. Knicur et ParKs, a Vile de Man, 
citent cette espéce: ‘Locally abundant. Forms zone immediately above 
Laminarian zone’. 

La citation de TuRNER semble indiquer que les Himanthalies présentes dans 
la partie ouest d’Angleterre, seraient absentes dans la partie est. Il y a lieu 
de chercher & connaitre leur limite de répartition vers lest et les raisons de 
cette limitation. 

Il y avait lieu également de s’assurer si dans les stations ou elle existe, l’espéce 
forme partout bordure, ou peut ne se trouver que dans des cuvettes, et de 
comparer les stations entre elles pour savoir si la bordure y est plus ou moins 
prospere. 

Observations personnelles. Les résultats de mon étude sont portés sur la 
carte no. 6. 

Je dois d’abord noter que, partout ou j’ai trouvé lespece, elle existait, non 
seulement dans des cuvettes, mais aussi en bordure: je n’ai pas rencontré 
de stations oti l’espéce ne soit observable qu’en cuvette. 

Ceci dit, on voit, d’aprés la carte, que la bordure d’Himanthalia est assez 
généralement présente sur la cOte anglaise ; en gros, on peut dire quelle est 
& peu pres également bien représentée sur les deux rives de la Manche, contraire- 
-ment A ce que nous avons vu pour Bifurcaria. 

Je l’ai trouvée dans toutes les stations étudiées en Cornouaille, sauf a Newquay ; 
dans les autres régions, les stations ou je ne l’ai pas recontrée sont d’une part 
celles qui sont situées dans Lyme Bay (Brixham, Straight Pt., Lyme Regis), 
d’autre part celles de l’ile de Wight (Freshwater Bay, St. Catherine’s Pt., Culver 
Cliff). La limite de pénétration des Himanthalies dans la Manche se situe 
vraisemblablement entre St. Alban’s Head et Vile de Wight, c’est-a-dire 
sensiblement au méme niveau que sur la céte frangaise, un peu plus a l’ouest 
cependant. 

Les stations ot la bordure d’Himanthalies présente son plus beau développe- 
ment sont, par ordre: Lizard Pt. et Cape Cornwall; St. Mary’s et St. Agnes 
(Scilly) ; Carn Du Pt. et St. Alban’s Head. Celles ot la bordure est maigre 
sont: Pennance Pt., Rame Head, et Portland Bill ot elle est trés localisée. 

Que peut nous enseigner cette répartition ? 

Si nous portons sur la carte le tracé de la ligne des fonds de 50 m. nous pouvons 
dire, & premiére vue et en gros, que, ici comme en France, la bordure d’Himan- 
thalies est présente 14 ott la ligne des fonds de 50 m. suit étroitement le rivage, 
et qu'elle fait défaut 1a ot cette ligne s’écarte notablement du rivage, exception 
faite pour St. Alban’s Head. 
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La présence de la bordure d’Himanthalies a proximité de la ligne de 50 m. 
me parait un fait normal d’aprés Vhypothése faite pour la France : Vespéce 
y trouve une eau bien transparente, et par ailleurs les marées n’y ont pas une 
forte amplitude, bien loin de 1a (amplitude en Cornouaille 4 47 m.; a Portland 
2m. 55, pour les marées de coefficient 100). 

Cherchons maintenant & voir si nous pouvons comprendre les raisons de son 
absence dans Lyme Bay et & Vile de Wight, et les raisons de sa présence a 
St. Alban’s Head. 

Dans Lyme Bay l’absence d’Himanthalia me parait absolument normale. 
Pour qui a vu 4 quel point l’eau de cette baie est rendue trouble le long du 
rivage, par les sables rouges provenant des grés friables d’Exmouth et Torquay, 
et par les schistes marneux de Lyme Regis, il parait évident que les radiations 
lumineuses doivent étre trés rapidement absorbées lorsqu’elles traversent cette 
eau. On congoit que l’avantage résultant pour Himanthalia de la faiblesse 
des marées dans cette région (4m.) ne puisse arriver 4 contrebalancer cet 
inconvénient majeur. 

Occupons-nous maintenant de la région qui va de Portland Bill a l’ile de Wight. 
Examinons la question de transparence de l'eau et celle de l’amplitude des 
marées. 

Examinons d’abord le cas du gisement de St. Alban’s Head, ot Pespéce 
forme une trés belle bordure. Cette station, située loin de la ligne des fonds 
de 50 m., est done précédée de longs hauts-fonds sur lesquels le frottement des 
vagues pourrait créer un trouble. 

Mais en fait, le jour de ma visite, Peau était d’une limpidité parfaite. Comme 
les vents soufflaient de terre, cela nous renseigne mal, et nous ne pouvons rien 
dire tant que cette station n’a pas été étudiée plus sérieusement au point de 
vue de la transparence de leau. Je suis toutefois persuadé que l’eau doit 
y étre généralement assez claire, car il n’y a pas, & ma connaissance, de dépdts 
meubles aux environs. Dzailleurs les blocs qui forment la greve sont d’un 
calcaire gréseux des plus compacts, infintment moins érodables que les grés 
et schistes de Lyme Bay. 

A Vile de Wight, les calcaires, assez fermes, sont cependant beaucoup plus 
friables qu’a St. Alban’s Head et l’eau est assez trouble le long des berges. 

Voyons maintenant qu’elle est l’importance des marées. Leur amplitude 
est des plus faibles : 2m. 35 & Portland et & Needles Point pres Freshwater Bay, 
et 2m. 55 A Bembridge Pt. prés Culver Cliff. Cela nous aide 4 comprendre que 
les Himanthalies puissent étre présentes a Portland et a St. Alban’s Head 
malgré la présence de hauts fonds; mais comment expliquer leur absence a 
Wight, le trouble de l'eau invoqué étant certainement insuffisant pour commander 
leur absence sous une si faible épaisseur d’eau. | 

On peut faire intervenir deux particularités de la marée dans cette région : 
Vhoraire, dune part ; la double marée autre part. Avant de Ser SoUres ces 
arguments, je tiens a dire que je ne les considére que comme ass appuis & mon 
hypothése explicative, et non pas comme des explications completes. 
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Horaire de la marée.—L’heure de la marée haute subit un décalage considérable 
de Portland a Needles Pt. : prés de 3 h. de décalage sur une distance de 60 km. 
seulement. Pour voir les choses de plus loin examinons quel est Vhoraire 
de propagation tout le long de la Manche, d’une marée déterminée, par exemple 
la marée de vive-eau du 6 mars 1935. 


Heure de la Hauions 
Mere j auteur. 
Localité. marée haute. 


Is, Seiya cas ooo 4 cote neice asec 5h. 13 5m. 20 
Lodeagixies.s « Wyvnine ousteee mm een anaes oO bee 5m. 35 
Straight. Pt: eit fee owe ee ona 7h. 13 4m. 10 
Portland (digue). s... Joc aus ene @ est 7h.3l 2m. 35 
Needles Pt. (prés Freshwater Bay).... 10h. 16 2m.35 
Bembridge Pt. (prés Culver Cliff) ... 10h. 30 2m. 55 
New haveniahgatats te <ccie ols ate totoherenntons 12h. 04 6m. 15 


On voit que, de Scilly 4 Portland, les marées de vive-eau sont hautes au début 
et a la fin de la journée, done basses au milieu de la journée ; et que, a Vile de 
Wight, elles sont hautes vers la fm de la matinée, donc basses, d’une part, vers 
5 h. du matin, d’autre part vers 5 h. du soir. Il en résulte qu’en hiver ou 
il fait nuit 4 5 h. du matin et 5 h. du soir, les Himanthalies si elles existaient 
& Wight, resteraient couvertes d’eau pendant les heures de luminosité des 
périodes de vive-eau. Ce régime est beaucoup plus nocif que ne le serait le 
régime de Vobscurité en morte-eau tel que nous avons décrit en Bretagne, 
tel qu’il existe aussi en Cornouailles. 

Il va de soi que, si Pon fait intervenir lhoraire des marées pour contribuer 
a expliquer absence des Himanthalies & Wight, il faut aussi logiquement, 
le faire intervenir pour contribuer 4 expliquer parallélement leur absence dans 
la baie de Seine ot les heures des marées sont sensiblement les mémes. Cet 
argument renforce donc mes conclusions de 1932. 

Double-marée.—Le phénomeéne de la double marée est du a la rencontre, 
au centre de la Manche, de onde de marée venant directement de V Atlantique 
avec l’onde de marée passée par la mer du Nord. Ce phénoméne est perceptible 
de Portland & Selsey Bill, c’est-a-dire strictement dans la région qui nous in- 
téresse, mais avec des modalités qui different profondément d’un point a un 
autre (voir * Pearson’s Nautical Almanack’): & Southampton il y a deux 
marées hautes, de hauteur sensiblement égale, séparées par un intervalle de 
deux heures; a partir du niveau de Needles Pt. (4 proximité immédiate de 
Freshwater Bay) lintervalle entre les deux ondes s’accroit trés rapidement, 
quand on va vers l’ouest, si bien que, prés de Weymouth, la double marée haute 
est remplacée par une double marée basse, ‘ the Gulder ’. 

Weymouth est tout prés de Portland. Je ne sais si A St. Alban’s Head, 
situé & 25 km. a est de Weymouth, la double marée basse est déja bien établie. 
Kn tous cas le régime doit y étre absolument différent de celui de Freshwater 


Bay (40 km. E. de St. Alban’s Head) et ne plus comporter la double marée 
haute. 
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La couche d’eau surmontant 4 marée haute le niveau propice a la bordure 
d’Himanthalies, conserve donc son épaisseur pendant un temps beaucoup 
plus considérable 4 Vile de Wight qu’a Portland Bill et St. Alban’s Head. Ce 
niveau y regoit done une bien moindre irradiation. 

Si nous suggérons de tenir compte de ce fait pour contribuer a expliquer 
Pabsence des Himanthalies & Vile de Wight, nous devons également en tenir 
compte dans la baie de Seine: nous savons en effet qu’au phénoméne de la 
‘double-marée ’ observable sur la cédte anglaise, correspond, au Havre, un 
phénoméne de stagnation du niveau de marée haute, pendant 2 3h. Cet 
argument renforce donc ceux qui avaient été invoquées en 1932. 

En résumé, la répartition des Himanthalies sur la céte anglaise reproduit 
dans une trés large mesure la répartition décrite sur la cote francaise. Quant 
a Vhypothése par laquelle j’avais essayé en 1932 d’expliquer la répartition de 
Lannion 4 Fécamp, rien ne vient la contredire, et elle peut au contraire expliquer 
dans une assez large mesure les nouveaux faits observés. Toutefois je dois 
répéter, aprés l’avoir déja dit en 1932, que cette hypothése n’est pas suffisante ; 
que les besoins de Valgue quant 4 lhumectation et quant a la radiation solaire 
ne doivent pas étre les seuls a considérer, et que d’autres facteurs nocifs doivent 
entrer en ligne de compte pour expliquer son absence de certaines stations. 


LAMINATIRES. 


Je me suis trés peu occupé des Laminaires. Un peu de houle suffit 4 rendre 
leur étude malcommode ; de plus, pour apprécier leur abondance, on risque 
d’étre influencé par le plus ou moins d’amplitude de la marée, les laissant a 
découvert sur une plus ou moins grande hauteur. Enfin pour certaines d’entre 
elles, Saccorchiza bulbosa de la Pyl., Laminaria ochroleuca et, & un moindre 
degré, Laminaria cloustoni, il faut des marées d’une belle amplitude pour les 
découvrir *. ae 

Les quelques renseignements que je puis donner concernent surtout Laminaria 
flexicaulis, dont je vais parler maintenant, et Alaria esculenta que je traiterai 
& part. Enfin j’aurai l'occasion de reparler de l'ensemble des Laminaires, 


au chapitre des conclusions générales. 


LAMINARIA FLEXICAULIS Le Jolis——Dans mon travail de 1932 je l’ai notée : 
abondante sur tous les points battus. Je dois toutefois rappeler que dans un 
travail antérieur j’avais noté qu’a la pointe de Granville les Laminaires sont 
peu abondantes, et font méme défaut en certaines années. as 

Dans les nouvelles stations visitées, j’ai rencontré les quelques particularités 
suivantes: l’espéce m’a semblé exceptionnellement abondante a St. Agnes 
devant Halftide Ledges (Scilly) et & Straight Pt. pres Exmouth ; au contraire 
elle est mal representé A la pointe de Primel, & Rame Head prés Plymouth 


* Enfin, pour ce qui concerne Laminaria saccharina, il me faut préciser que cette espece 
. 
ne nous intéresse pas, car les points battus ne sont pas son habitat normal, 
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et 4 Lyme Regis. Enfin elle m’a paru faire completement défaut & St. Alban’s 
Head, ce qui est d’autant plus curieux qu’une autre Laminaire : Saccorhiza 
bulbosa est trés abondante en cet endroit *. 

Je ne vois aucune conclusion particuliére @ tirer de ces données. 


ALARIA ESCULENTA (Lyngb.). 

COTES FRANGAISES ET fLES DE LA Manone.—dHistorique. La répartition 
d’Alaria esculenta a été étudiée dans les environs de Roscoff par DE BEAUCHAMP 
(p. 146) : ‘ Forme septentrionale, les botanistes scandinaves l’envisagent comme 
constituant une association de la cOte exposée, immédiatement sous-jacente 
aux Laminaires proprement dites. Elle passe pour trés rare le long de nos 
cotes et 4 Roscoff méme n’a longtemps été connue que d’une ou deux stations. 
En réalité, elle existe un peu partout mélée aux autres sur les rochers battus : 
nord de ile de Siec ot elle forme de magnifiques touffes, de Vile de Bas, Estelen- 
bihan ot les individus sont nombreux, mais isolés. Elle ne forme une véritable 
association a elle seule que sur Estelen-bras ot elle constitue une bordure 
réguliére au flane W, et la roche Goalen en face Primel ; il s’agit dans les deux 
cas de parois presque verticales qu’évitent les autres especes. Je ne l’ai pas 
observée plus a l'Est ’. 

Quelles sont les autres stations connues le long des cétes francaises ? : CROUAN 
(Florule du Finistére) cite Alaria * sur les rochers exposés au choc des vagues, 
a trés basse mer, cdte ouest (peu commun), Corson, Porspoder, Argento, Melon, 
etc.’ D’autre part il en a été récolté des échantillons devant Cherbourg : 
‘Le Jolis ne signale pas Alaria esculenta, mais Vherbier de M. Corbiére en 
renferme de beaux échantillons trouvés au pied de la grande Digue de Cherbourg 
et sur les rochers des environs ’ +. 

Dans Vexploration que j’avais faite de Lannion a Fécamp, je n’avais observé 
nulle part Alaria esculenta, pas plus sur la cote nord du Cotentin, qu’ailleurs. 
Tl est vrai que je n’ai pas visité les digues de Cherbourg. 

Kn 1934, E. Cremtn (loc. cit. p. 15), étudiant Pile d’Aurigny, a trouvé ‘ quel- 
ques touffes d’Alaria esculenta’ & Longy. UH s’agit d’une localité que j’avais 
moi-méme visitée en 1931, et ot je n’avais pas remarqué cette espéce. Dans 
les autres iles anglo-normandes (Jersey, Guernesey, Serk, Herm, Jethou, 
les Ecrehou) ot les excursions du Laboratoire maritime du Muséum ont mené 
& diverses reprises des algologues, cette espéce n’a pas été récoltée. 

On voit done que dans la Manche centrale Alaria esculenta semble n’exister 
que devant Cherbourg et 4 Aurigny en trés faible abondance et en des points 
trés localisés ot certains auteurs ont réussi & la trouver tandis que d’autres 
lont vainement recherchée : c’est dire & quel point le réle bionomique de cette 
algue est réduit dans cette région, ot il s’en faut de trés peu qu’elle ne fasse 
entiérement défaut. 


* Je mai pas vu non plus Laminaria flexicaulis & St. Catherine’s Pt. et a Culver Cliff 
Mais j’ai visité ces deux stations par des marées faibles, et ne puis done rien affirmer, 
{ E. Chemin, Bull. Labor. marit. St. Servan, xiii, 1934, p. 18. 
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Nouvelles observations —Sur la céte nord du Finistére, j’ai trouvé cette 
espece en des stations ot DE BraucHamp l’avait déja signalée: a la pointe 
Primel, ou les individus sont petits, et ne sont abondants qu’en certains points 
trés localisés ; et a Vile de Batz, ou l’espéce n’est que médiocrement abondante. 
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Plus A Vouest, je n’ai pas trouvé d’Alaria a Pontusval, 4 Tremazan, au Conquet. 
Mais & Ouessant, les Alaria sont trés abondants. Ils y avaient déja été observés 
par G. HAMEL (communication verbale). Voici ce que portent & ce sujet mes 
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carnets de notes ; abondants a Enez Nein sur les points bien battus : présents 
3X Ar Bachou; abondants & Toul Cheller, abondants au Créac’h ; abondants a 
la pointe de Pern. 

En ces diverses stations j’ai constaté que la limite supérieure de répartition 
verticale de cette espéce (étudiée sur les parois bien inclinées) coincide avec 
celle de Laminaria flexicaulis. Il y aurait donc a ce point de vue une différence 
avec ce qui se passe en Scandinavie, ot l’espece est considérée comme formant 
une association sous-jacente aux Laminaires. 


COTE ANGLAISE.—Historique. TURNER donne pour Alaria Vhabitat suivant : 
‘Fringing precipitous rocks, at low-water mark. Abundant on the shores of 
Scotland, and of the North and West of Ireland, Cumberland (Hudson), Anglesea 
and Isle of Man (Rev. H. Davies), Durham and Northumberland (Winch), 
Cornwall (Turner), North coast of Devonshire (Miss Griffiths), Weymouth 
(Stackhouse), Orkney (Rev. Mr. Clouston) .’ Sa distribution géographique 
est la suivante : ‘Abundant in the Arctic Ocean and Northern Atlantic, Iceland, 
Northern Pacific, Sitka, Kamtschatka, Atlantic shores of France’. On voit 
qu il s’agit d’une espéce septentrionale. 

Pour son habitat, Newron (1931) indique : ‘ On rocks near low-water mark, 
always submerged’. A cette indication, erronée comme nous le verrons, il ne 
faut pas attacher trop d’importance, le travail de NEwTon étant un catalogue 
beaucoup plus qu’un travail d’écologie. D/ailleurs, en 1931 également Knicut 
et Parke, a Vile de Man, indiquent que cette espéce, commune, se trouve au 
niveau des basses mers de morte-eau, et au-dessous. 

Observations personnelles—KEn Angleterre je n’ai observé cette espéce que 
dans les quelques stations suivantes (carte no. 7) : 

A Lizard Pt., en médiocre abondance. 

A Carn-Du Pt., présente. 

A Zennor, trés peu abondante. 

A Navax Pt., trés localisée, mais trés abondante 1a ov elle existe. 

Aux iles Scilly ’espéce parait trés généralement présente, comme & Ouessant : 
& St. Mary’s médiocrement abondante ; & Tresco, trés peu abondante (comme 
toutes les grandes algues: cette station semble trop battue); & St. Agnes, 
abondante sur la cOte nord, trés abondante sur la céte sud. 

Dans ces diverses stations j’ai constaté, comme je l’avais fait en France, 
que Ja limite supérieure de répartition verticale de cette espece coincide avec 
celle de Laminaria flexicaulis. 


ConcLusion.—Dans les régions que nous avons étudiées, les seules stations 
out la bordure d’Alaria soit vraiment abondante, sont situées 4 Ouessant et aux 
iles Scilly. On la trouve aussi sur les cOtes voisines, extrémité des Cornouailles, 
région de Roscoff, mais en faible abondance, et elle y marque de singulitres 
absences, telle celle de Cape Cornwall, et celle qui se manifeste entre Ouessant 
et Roscoff. 


Ces régions de l’extrémité occidentale de la Manche sont les seules ott Pespéce 
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joue un rdle bionomique notable. En dehors de ces régions elle ne parait 
exister qu’’ Aurigny et 4 Cherbourg, A l’état de traces, pourrait-on dire *. 

Que dire d’une telle répartition ? Il semble que sous nos latitudes, l’espéce 
soit localisée aux régions qui géographiquement font une saillie trds prononcée 
dans la mer. Quelles peuvent étre les raisons d’une telle localisation 2. Faut-il 
y voir la nécessité d’une pureté particuliére de eau, ou d’une égalité particuliére 
du climat évitant les échauffements estivaux qui nuiraient A cette espece nor- 
dique ? Faut-il prendre en considération le fait (qui d’ailleurs se rattacherait 
dans une certaine mesure 4 l’interprétation précédente) de sa localisation au 
voisinage de grands fonds? Les fonds de 100 m. rasent les iles Scilly et Vile 
d’Ouessant, et s’approchent de la pointe de Cornouailles et de celle du Finistére 
(fig. 7) ; et la région de Cherbourg ainsi qu’Aurigny sont proches de la grande 
fosse centrale de la Manche (fig. 2). Les questions que nous nous posons 
maintenant sont du méme ordre que celles que nous nous sommes déja posées 
ou que nous nous poserons encore, pour d’autres espéces localisées sur les 
saillants géographiques. Nous y reviendrons dans nos conclusions générales. 


CYSTOSEIRA ERICOIDES (L.) Ag. 

En 1932 j’ai montré, apres Hamet et Lamr (1930), que cette espéce réputée 
pour étre localisée exclusivement dans les cuvettes, est cependant capable 
de s’insérer sur des rochers franchement exondables, sous forme de pieds dressés 
tres rigides, et se trouvait dans cet habitat jusqu’a la limite supérieure de la zone 
de Laminaria flexicaulis ; j'ai montré que ce fait ne se présentait qu’en certaines 
localités dont j’ai dressé la liste, fort courte : Saint Malo (Grand Bé ; La Rance), 
St. Enogat (Grand Vidé); St. Lunaire (Le Décollé); Fort La Latte; Cap 
Fréhel ; et peut-étre les iles St. Marcouf. 

Dans les stations explorées depuis lors, je n’ai rencontré de Cystoseira ericoides 
& sec que dans la seule localité de Zennor, sur la cdte nord de Cornouailles. 
L’espéce y est assez abondante, et, la comme ailleurs, la limite supérieure de sa 
répartition verticale coincide avec celle de Laminaria fleaicaulis. 

Le fait pour une espéce de s’étendre hors de son habitat le plus normal 
(représenté par les cuvettes), révéle évidemment une prospérité particuliére 
dans les stations ow il s’observe : cela serait analogue a ce qui se produit quand 
on voit le Lithothamnium lenormandi sortir des cuvettes et abris, le Catenella 
opuntia sortir des zones ombreuses, les Mytilus et les Hymeniacidon déborder 
des fentes, etc. Mais il n’est pas facile de comprendre pourquoi Cystoseira 
ericoides est plus prospére dans la région malouine et 4 Zennor que sur les autres 
parties du littoral. Papen ae . 

Ayant étudié récemment la céte basque (1935), ) al eignale qu’en toutes les 
localités espagnoles que j’ai visitées (de la frontiére a Zumaya), Cystoseira 


* Je dois mentionner un nouveau fait observé pendant Vimpression de ce travail 
; Sn ) Saree 
(sept 1936): j’ai trouvé des Alaria esculenta en grande abondance aux Casquets et a 
_ 5 . . . > . 
Burhou, et en abondance moindre en divers points @Aurigny. J’en reparlerai dans un 
> 


autre travail. 


JOURN. LINN, SOC., ZOOLOGY.—VOL. XL 16 
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erwcoides forme une bordure asséchable trés fournie, visible de loin, et non plus 
la population clairsemée qui s’observe dans la région de St. Malo. On aurait 
donc une gradation en allant du sud au nord : trés largement étalée en Espagne, 
lespéce se réfugierait le plus souvent dans les cuvettes en Bretagne, et ne sortirait 
que tres exceptionellement de celles-ci en Angleterre. Ce cas présenterait 
quelques analogies avec celui de Bifurcaria tuberculata, que nous avons vu se 


LEATHESIA DIFFORMIS 
V Extrémement abondant 
¥ Abondant 


Fig. 8. 


réfugier dans les cuvettes en approchant de sa limite septentrionale. Cysto- 
seira ericoides, d’ailleurs, présente dans sa répartition vers le nord des traits 
assez analogues & ceux de Bifurcaria: ‘ Frequent on the shores of the South 
of England and South and West of Ireland ’ ; ‘ C. ertcoides is common on the 
southern shores of our islands, and becomes gradually less frequent towards 
the north’. (Harvey, 1846.) , 


DES DEUX RIVES DE LA MANCHE MAN 


LEATHESIA DIFFORMIS Aresch. 


En 1932 j’ai montré que cette espéce, qui est banale dans nos régions, présente 
une abondance tout-a-fait anormale sur la cOte nord du Cotentin (Barfleur, 
cap Levi, La Hague), abonde également sur la céte nord d’Aurigny, moins sur 
la cote sud ce cette ile, présente encore une certaine abondance sur la cote 
est de Guernesey et sur la céte nord de Jersey, et est d’une fréquence beaucoup 
modeérée dans toutes les autres stations visitées. 

Depuis lors, la visite des diverses stations de la cdte anglaise et du 
Finistére ne m’a montré qu’une fréquence normale*; mais A l’archipel des 
Kerehou, qui n’avait pas été visité en 1932, j’ai constaté une fréquence supérieure 
4 la normale, sur les points les mieux battus de cet archipel. 

La carte ci-jointe rend compte de ces renseignements. Ces faits de distribution 
sont tres marqués, mais je n’en vois pas l’explication. 


RHODYMENIA PALMATA (L.) Ag. 


Je n’ai pas porté trés grande attention a cette espéce, car les points battus ne 
lui sont pas trés favorables, de sorte qu’il serait sans grand intérét de l’y étudier 
sans étudier en méme temps les points peu battus, que je n’ai pas examinés. 
C’est pour la méme raison que j’ai délaissé les Fucacées, bien qu’ils arrivent 
généralement jusqu’aux points battus. 

Contentons-nous de mentioner les stations ot: cette espece a attiré mon atten- 
tion par une abondance particuliére : ce sont les stations de St. Catherine’s Pt. 
(ile de Wight), Straight Pt. et surtout Brixham. Je rappelerai qu’inversement 
il est des stations ot elle parait faire défaut: Telles sont celles de Pordic et 
des Roches Douvres, mentionnées en 1932. Il semble en étre de méme au 


Grand Lejon. 


LAURENCIA PINNATIFIDA (Gmel.) Lamour. 

En 1932 j’ai mentionné cette espéce : partout en abondance. Au cours de 
la présente étude, j’ai constaté que cette éspece était particulicrement abondante 
& Straight Pt. prés Exmouth ; par contre je l’ai vamement recherchée a la pointe 
N.-O. de Vile Tresco (Scilly). 


CoRALLINA OFFICINALIS L. 

COTE FRANGAISE ET iLES DE LA Mancne.—Historique. AUDOUIN et MILNE- 
Epwarpbs, qui furent les premiers auteurs a décrire la distribution des étres 
marins (1832), ont distingué sur les rochers du littoral trois AOEOS super pastes: 
dont la plus basse est ‘ principalement caractérisée pat la présence des Coral. 
lines’ (p. 235). Mais Provor (1897) considere que cette zone des Corallines 
ne mérite pas, dans notre région de la Manche du moins, de former un horizon 
distinct’. Il lui attribue ‘le plus souvent un caractére tout local’. L’avis 


* Cette observation n’a de valeur que pour les recherches effectuées pendant la belle 
saison, Leathesia difformis faisant défaut en hiver, 
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de pe Braucuamp (‘Les gréves de Roscoff’, p. 107) est également opposé 
a celui d’AuDoUIN et Mitne-Epwarps ; il considére que Corallina officinalis 
“ne mérite guére l’importance a elle attribuée par les anciens bionomistes qui 
en faisaient une zone spéciale ’. 

Cependant, en étudiant (1929) la région de Saint Malo, celle méme out travail- 
lérent AUDOUIN et Mitne-Epwarps, j’adoptai des conclusions voisines de celles 
de ces auteurs. Considérant l’ensemble Corallina officinalis+ Lithothamnium 
lenormandi, je dis (p. 235) qu’ ‘ il existe bel et bien, dans les points battus de 
cette région, une zone particuliére (qui peut évidemment faire plus ou moins 
défaut 4 Roscoff) ot se trouvent les Corallines ... Et cette zone ne se trouve 
pas seulement aux environs de Saint Malo. Depuis Plougrescant .. . jusqu’a 
La Hague et a la pointe de Barfleur, soit sur 250 kilométres, si l’on visite les 
points battus, l’ceil est immédiatement attiré par cette zone de couleur rose qui 
surmonte les Himanthalies et les Laminaires li ot elles existent, et ailleurs 
descend jusqu’aux niveaux les plus bas ’. 

En 1932, je fis connaitre que, en opposition avec ce beau développement de 
la zone des algues calcaires constaté sur la cOte normano-bretonne (et vérifié 
de Lannion a Fécamp), les diverses iles et archipels du groupe anglo-normand 
et normano-breton montraient un développement tres médiocre de ce revétement 
dalgues calcaires : celles-ci y sont généralement localisées dans les abris, cuvettes 
et fentes. Cette réduction de l’importance des algues calcaires, déja bien marquée 
sur la céte nord de chacune de ces iles, Pest encore plus sur la cote sud. 

Ainsi des questions de lieu intervenaient, et on pouvait sans doute les 
considérer comme responsables du désaccord des auteurs. 

Il était done indiqué de comparer de visu la région de Roscoff a celle de Saint 
Malo, et d’étendre cette étude comparative a la cote anglaise de la Manche. 

Voici ce que m’a donné cette étude. Je ne parlerai ici que de Corallina 
officinalis. 

Observations personnelles (fig. 9). Aux Kcrehou, le développement des 
Corallines est médiocre, comme dans les autres iles anglo-normandes. 

Dans le Finistére, on observe les faits suivants: a Locquirec, Pespece est 
assez prospere, son développement hors des abris est semblable a celui qui 
s’observe dans la région malouine. Par contre, plus a l’ouest, le régime est bien 
différent : A Primel le développement des Corallines est franchement médiocre ; 
a Batz, elles font pratiquement défaut hors des cuvettes ou abris humides ; 
& Pontusval, développement médiocre ; 4 Tremazan, absent hors des abris, 
comme & Batz; au Conquet, développement médiocre. 

On voit que, entre Locquirec et Primel, se trouve la limite entre une region de 
prospérité (a l'Est) et une région s’étendant au moins de Primel au Conquet, 
oti les faits sont conformes & ce qu’avaient décrit PRuvor et DE BEAUCHAMP : 
Vespéce y est assez étroitement localisée dans les cuvettes et abris humides, 


elle n’en sort que difficilement. 
Mais si nous poussons jusqu’& Ouessant, nous y trouvons de nouveaux 


faits. 


214 DR. E. FISCHER-PIETTE SUR LA BIOGEOGRAPHIE INTERCOTIDALE 


Dans les stations se trouvant dans la partie Ouest d’Ouessant, Pen Choret, 
Pern, Le Creac’h, l’espece connait une prospérité extreme, tellement plus 
marquée qu’en aucune autre des stations visitées de Fécamp au Conquet, 
qu’A premiere vue j’ai pu me demander si je me trouvais bien en présence de 
la méme espéce*. En effet, dans cette partie ouest d’Ouessant, les Corallines 
revétent la roche d’un manteau trés serré ; elles y forment, non pas de courtes 
touffes dressées, mais un chevelu d’une longeur suffisante pour que chaque 
pied pende sous l’action de la pesanteur. De sorte que ce manteau des Corallines 
cache aussi bien la roche que le fait un manteau de Fucacées dans une région 
abritée. Ce fait, déja saisissant & Pern et & Pen Choret, est encore plus 
remarquable au Creac’h. 

Mais ce phénoméne ne s’observe pas sur tout le pourtour de l’ile d’Ouessant : 
a Vextrémité Est de Vile (Ar Bachou) n’existe qu’un développement trés 
médiocre, formant un contraste extréme avec ce qui s’observe & lOuest ; et, 
si ’on va de l’Est & l'Ouest, soit par le nord (Toul Cheller) soit par le sud (Enez 
Nein), on observe dans les stations intermédiaires un développement normal, 
formant passage entre le régime occidental et le régime oriental. 


COTE ANGLAISE.—Sur la cote anglaise (voir la carte), on peut, en schématisant 
légerement, exprimer les faits de la fagon suivante : 

Dans le secteur s’étendant de Vile de Wight (comprise) 4 Brixham, les Coral- 
lines présentent, en gros, un développement trés comparable A celui qui s’observe 
en France de Fécamp a Locquirec: elles s’étalent assez largement hors des 
cuvettes et des abris, sauf toutefois 4 Straight Point ot leur développement est 
médiocre (il est, par contre, particulierement bien marqué 4 Portland Bill). 

Dans le secteur s’étendant de Prawle Point & Cape Cornwall, le régime est 
différent : les Corallines n’ont qu’un développement médiocre, et méme & 
Lizard Point elles font pratiquement défaut hors des cuvettes et abris. Ce 
régime est comparable, dans ensemble, & celui qui s’observe en France, de 
Primel au Conquet. Il y a toutefois deux exceptions, d’une part 4 Carn-Du 
Point ot leur développement est normal, d’autre part & Blackstone Point 
ou leur développement est tres marqué, comme a Portland Bill. 

Sur la cote nord de Cornouailles (Zennor, Navax Point, Newquay), l’espéce 
est normalement développée. 

Enfin, dans les iles Scilly, on observe des faits trés comparables a ceux que 
nous avons décrits & Ouessant : & la pointe Ouest de Tresco et dans la partie 
Ouest de Sainte Agnes (Halftide Ledges) on voit un magnifique revétement de 
longues Corallines, d’une prospérité aussi remarquable que dans la partie Ouest 
d’Ouessant ; & Horse Point (Sud de Sainte Agnés), le développement n’est que 
normal ; enfin, sur la céte Est de St. Mary’s, il est franchement médiocre. 


CONSIDERATIONS GENERALES.—On voit que Corallina officinalis présente 
la < p J ta , ° ta A . y 
selon les régions, divers degrés de prospérité, tantdt localisée dans les cuvettes 


* M. R. Lami a bien voulu examiner les échantillons que je lui ai rapportés et me 
confirmer qwil s’agissait bien de Corallina officinalis. 
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et abris, tantét pouvant en sortir largement, ou enfin se développant au point 
de couvrir toute la roche d’un épais manteau. Ces divers états se distribuent 
parallelement le long des deux rives de la Manche : I’état de grande prospérité 
s observe 4 l’extréme Ouest, d’une part dans la partie Ouest d’Ouessant, d’autre 
part dans la partie Ouest des iles Scilly * ; si, partant de ces régions, on se dirige 
vers l'Est, on trouve d’abord des régions ow l’espéce est trés mal développée 
dans lensemble: en France jusqu’A Primel, en Angleterre, jusqu’& Prawle 
Point ; enfin on entre dans des régions de développement moyen, en France 
au moins jusqu’é Fécamp, en Angleterre au moins jusqu’a Wight. 

Dans ce parallélisme ne peuvent évidemment entrer les iles anglo-normandes 
(caractérisées par un développement médiocre), qui n’ont pas de pendant 
devant la céte anglaise ni la céte nord de Cornouailles (caractérisée par un 
développement moyen), dont je n’ai pas étudié le pendant en France. 

Nous nous trouvons donc en présence de faits assez bien ordonnancés géo- 
graphiquement, relevant vraisemblablement de causes relativement simples. 
Je n’apergois d’ailleurs pas quelles peuvent étre ces causes, et ne puis jusqu’ici 
que poser le probleme. I] sera bon de confronter ces faits avec ceux qui ont 
pu étre observés en d’autres régions : je rappelle que dans mon étude de la céte 
basque frangaise et espagnole (1935) j’ai montré que dans les stations de Zarauz 
et Zumaya (Espagne) les Corallina officinalis acquierent un développement 
exceptionnellement beau, aux dépens des Lithothamnium. Si lon cherche 
des traits communs entre ces stations et celles d’Ouessant et des iles Scilly, 
on serait tenté de prendre en considération la force exceptionnelle des vagues ; 
mais cette force ne parait pas moins forte 4 Biarritz qu’a Zarauz et Zumaya, 
et les Corallines sont loin d’y posséder un aussi beau développement. 


LITHOTHAMNIUM LENORMANDI Aresch. 

La prospérité de Lithothamnium lenormandi est sujette 4 des variations selons 
les régions, qui sont, dans l’ensemble, tout a fait comparables 4 celles de 
Corallina officinalis. Je Vavais déja établi en 1932 pour la région de Lannion 
a Fécamp. Mes nouvelles observations parlent dans le méme sens. 

Il y a toutefois une différence importante, bien que locale, entre les faits 
observés pour ces deux espéces. Elle consiste en ce que les stations Ouest 
d’Ouessant et des Scilly, dans lesquelles la prospérité de Corallina était extreme- 
ment forte, ne montrent rien de comparable pour Lithothamnium : bien au 
contraire, en ces diverses stations (Pen Choret, Pern et Le Creac’h a Ouessant, 
Halftide Ledges et Tresco aux iles Scilly), le développement de Inthothamnium 
est frachement médiocre. Je pense que ce fait est di a la concurrence des 
Corallina, qui, dans toute la zone que pourrait occuper Lithothamnium, couvrent 
la roche d’un manteau tellement épais et continu, que les Lithothamniwm 
(dont les thalles sont encrofitants et non dressées comme ceux des Corallines) 


se trouvent étiolés sous ce revétement. 


* Je viens de trouver (septembre 1935) une autre station d’extréme prospérité ; Les 


Casquets. Ce récif intéressant sera décrit dans un autre travail. 
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Les autres différences biogéographiques observables entre ces deux especes 

sont si faibles, qu’il me parait inutile de dresser une carte de distribution de 

Lithothamnium, et que je me contenterai d’énumérer ces quelques faits : 

A Ar Bachou (Est d’Ouessant), Lithothamnium est mieux développé relative- 
ment que les Corallines, il s*étend encore mieux, hors des cuvettes et abris, 
quil ne le fait dans la région de Saint Malo. 

Au Conquet, au contraire, Lithothamnium lenormandi est encore plus mal 
développé relativement que les Corallines: il fait presque défaut hors des 
cuvettes et abris. 

En Angleterre, & Portland Bill, le développement des Lithothamnium nest 
que normal; & Lyme Regis il est médiocre, 4 Straight Point il est normal. 
A Blackstone Point, prés de Plymouth, il est médiocre alors que celui des 
Corallines est fort. 

Ce sont la de petits détails. Compte tenu des iles Scilly et d’Ouessant, les 
faits d’ensemble se retrouvent les mémes : devéloppement normal sur la céte 
nord de Cournouailles ; développement médiocre dans les iles anglo-normandes ; 
parallélisme des faits observables sur la céte francaise et sur la cote anglaise, 
ot on observe: & l'Ouest, une région ott l’espéce ne sort que difficilement des 
cuvettes et des abris, région qui s’‘étend, en France, du Conquet a Primel, 
en Angleterre, du Cape Cornwall 4 Brixham (pour Corallina elle s’arrétait 
a Prawle Point); et, plus & PEst (Locquiree & Fécamp en France ; Straight 
Point a Wight en Angleterre), une région oti les Lithothanmium, mieux déve- 
loppées, s’étendent largement hors des cuvettes et abris, et revétent la roche 
d'un enduit rose visible de loin, constituant, avec les Corallines, une * zone 
des Algues calcaires ’. 

Il y a tout lieu de penser que les facteurs géographiques qui réglent la 
prospérité des Corallines, sont aussi ceux qui réglent la prospérité des Litho- 
thamnium lenormandi. 

MESOPHYLLUM LICHENOIDES (KIl.) Lem.*. 


Cette algue calcaire est modérément abondante en général. Toutefois elle 
a attiré mon attention par un développement magnifique en la station de Enez 
Nein & Ouessant. Ce développement y est surtout marqué sur des rochers 
a pente faible, sortes de platiers, qui forment un seuil bas séparant Enez Nein 
du rivage proprement dit. C'est sur le versant Ouest de ce seuil que les 
Mesophyllum atteignent leur plus beau développement. 

LITHOPHYLLUM INCRUSTANS Phil. 


Aux renseignements fragmentaires données en 1932 sur cette espace, j’ajouterai 
les suivants, non moins fragmentaires: au Créac’h (Ouessant), d’une part, 
a Zennor, d’autre part, elle est trés abondante, et s’étend sur les surfaces rocheuses 
asséchables, sur toute la hauteur de la zone des Laminaires, et non au-dela. 
A Brixham, Pespéce est abondante aussi dans la zone des Laminaires, mais 
elle y reste plus ou moins confinée sous les abris formés par d’autres algues, 
et ne s’étend guére sur les parois franchement asséchables. 


* Détermination R. Lamrt. 
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CATENELLA OPUNTIA (Good. et Woodw.) Grev. 


On sait que cette espéce, trés répandue a l’entrée des grottes et dans les autres 
endroits ombreux du haut de la zone des marées, est capable en certaines stations 
(Jersey, Serk, la Rance) de sortir de ces abris et de s’étendre sur des parois 
franchement ensoleillées (voir travail de 1932). 

Je n’ai pas observé de nouveaux faits de cet ordre, dans les stations étudiées 
au cours du présent travail. 

Toutefois, je signalerai qu’A Saint Alban’s Head, ot l’espdce est abondante 
prés de Chapman’s poole, elle n’est pas localisée & l’ombre ; elle y affronte le 
soleil, mais alors elle ne se trouve qu’en des points légerement humides. Le 
facteur ‘ lumiére ’ n’est donc pas seul 4 agir sur cette espéce, le facteur ‘ humidité’ 
se combine avec lui. 

De méme, a Lizard Point, Catenella est trés abondant sur des parois verticales, 
mais seulement dans une sorte de vaste couloir ot se trouvent atténuées a la 
fois la lumiére et la sécheresse. 

A Exmouth, elle atteint une abondance exceptionnelle, dans la région de 
Orcombe Rocks, ou elle forme une bande de végétation aussi fournie que dans 
la Rance: mais elle n’y existe que sur des points ou elle est protégée dans quel- 
que mesure par la présence de pieds de Fucus platycarpus ; quand on arrive 
en des régions assez battues pour que ce Fucus disparaisse, on voit disparaitre 
en méme temps les Catenella. 

LICHENS. 

GENERALITES.—J étudie les especes suivantes: Xanthoria parietina (L.) ; 
Caloplaca marina Weddell; Verrucaria maura Walh., Lichina confins Agh., 
Lichina pygmaea Agh. 

Le degré de cohésion de la roche est l'un des facteurs déterminants de la 
présence ou de l’absence des Lichens marins. C'est ainsi que dans le secteur 
étudié en 1932 (cdtes francaises de Lannion 4 Fécamp), j’ai montré que ces 
lichens font défaut sur les falaises tendres de la Seine Inférieure et du Calvados, 
tandis qu’ils sont presque constamment présents sur le littoral dur du massif 
armoricain. 

A peu prés en méme temps que mon travail de 1932, sont parus des travaux 
de A. Davy DE VIRVILLE et de H. prs ABBAYES (1931-1933). Ils contiennent 
de bons historiques, ce qui me dispense de retracer moi-méme l’historique des 
travaux plus anciens. Je me contenterai de citer celles des conclusions de ces 
auteurs qui peuvent étre utiles 4 mon exposé. - 

Au sujet de l’influence du degré de cohésion de la roche, voici ce que dit 
H. pres ABBayeEs (p. 187). Cet auteur, passant en revue les principaux traits 
de la répartition des Lichens du littoral armoricain, dit que ces traits essentiels 
existent plus ou moins partout, pourvu que ° la roche soit pees dure pour ne 
pas s’effriter dans les parties exondées ’. Mais oe Balt UM er te dureté de de 
roche est peu variable dans les parties soumises al action reeuNriS de la marée, 
alors qu’elle varie considérablement dans la partie située au-dessus. Les 
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géologues et les géographes connaissent bien ce phénoméne qui est da a Vaction 
réductrice de eau de mer, action qui empéche la décomposition des roches 
soumises régulitrement 4 l’immersion. Le phénomene est surtout sensible 
sur les cotes granitiques et gneissiques, ot la roche reste dure et compacte dans 
la zone des marées, et est profondément altérée en arénes dans la falaise. Comme 
conséquence, sur ces cdtes, l’échelon a Lichina pygmaea et quelquefois la partie 
inférieure de l’échelon a Verrucaria maura sont bien représentés, alors que les 
autres étages seront absent ou trés fragmentaires ’. 

Voici mes nouvelles observations qui vont confirmer et compléter les 
constatations précédentes. 

En France, j’ai constaté la présence presque constante des cing espéces en 
question, dans les diverses stations étudiées de Locquirec 4 Ouessant, toutes 
constituées par des roches durcies. Je reviendrai, dans l’étude de chaque 
espéce, sur les détails de la répartition. 

En Angleterre, les faits sont les suivants : 

Nous trouvons sur la céte anglaise une plus grande diversité dans le degré 
de cohésion de la roche, que sur la céte frangaise ot l'on passait sans transition 
des craies et des marnes de la Normandie orientale, &4 des roches trés dures 
& partir des iles St. Marcouf. 

En effet, en Angleterre, nous passons des calcaires tres tendres de la Manche 
orientale (Newhaven) a des calcaires plus résistants a Vile de Wight ; plus & 
Ouest, nous trouvons a St. Alban’s Head, des calcaires de diverses résistances 
alternant avec des grés compacts ; a Portland Bill le calcaire est beaucoup 
plus résistant qu’a Vile de Wight ; 4 Lyme Regis est une falaise marneuse des 
plus érodables ; 4 Straight Point et 4 Brixham, la roche est siliceuse (grés), 
mais facilement érodable ; plus a l'Ouest, nous entrons dans la région méta- 
morphisée oti les roches sont généralement résistantes. 

La répartition de l'ensemble des Lichens est commandée par ces variations 
du degré de dureté de la roche. Voici, en effet, ce que nous constatons : 

Les Lichens m’ont paru faire défaut & Newhaven et a Vile de Wight. 

A St. Alban’s Head on trouve les diverses espéces de Lichens, mais elles 
n’existent que sur les bandes de grés dur, ou sur certaines parties calcaires 
particuliérement dures, et font défaut sur les bandes de calcaire plus tendre. 
Ces étroites bandes alternativement dures ou tendres se succédant trés réguliére- 
ment, la localisation des lichens y est des plus évidentes et des plus expressives. 

Sur les calcaires durs de Portland Bill, des Lichens existent, mais mal 
développés et en faible abondance et il semble qu’une des especes (Lichina 
confinis) fasse défaut. 

A Lyme Regis je les ai vainement recherchés aux niveaux hauts, les roches 
y sont trop érodables ; Lichina pygmaea est la seule espéce existante, sur 
quelques lits calcaires bien dégagés aux niveaux moyens. 

A Straight Point ils sont tres mal représentés, par quelques taches de Verru- 
caria maura oe de EACH pygmaea. Cela nous montre quelle est la sensibilité 
des Lichens a la friabilité de la roche. Car le gres rouge de Straight Point, 
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bien que friable, est suffisamment résistant pour porter une population trés 
prospére des Algues les plus variées et une faune normale. On peut faire une 
comparaison trés valable avec le grés rouge armoricain du cap Frehel (voir 
1932, p. 114) : ce grés est plus résistant que celui de Straight Point, et les lames 
arrivent méme & lui donner un certain poli. La les diverses especes de Lichens 
sont bien représentées. 

A Brixham, on trouve Lichina pygmaea sur les blocs les plus résistants qui 
se trouvent au niveau relativement bas qu’habite cette espéce, mais les Lichens 
des niveaux hauts font défaut, ces niveaux étant constituées par une falaise 
de grés rouge feuilleté facilement érodable. 

A partir de Prawle Point, et dans les autres stations occidentales, constituées 
par des schistes durcis, métamorphisés, granite, etc.... les Lichens sont 
généralement présents et abondants, sauf & Lizard Point ot les Lichens supérieurs 
font défaut sur une falaise friable, et ot on ne trouve que Lichina pygmaea ; 
et 4 Navax Point ot il semble en étre de méme*. 

Ces faits nous montrent a lévidence qu’une des conditions primordiales 
nécessaires & l’établissement des Lichens est une cohésion suffisante de la roche, 
et que cette condition l’emporte de beaucoup en importance, sur la nature 
chimique (siliceuse ou calcaire) de cette roche. 

En second lieu, ils correspondent tout a fait aux regles exprimées par DES 
ABBAYES (voir plus haut): Lichina pygmaea est le dernier lichen qui puisse 
subsister dans les stations ou l’érosion est trop forte (Lyme Regis, Brixham, 
Lizard Point) ; puis vient Verrucarva maura, dans la station déja moins érodable 
de Straight Point : en cette station l’espéce est localisée dans les parties les plus 
basses de son habitat théorique, ce qui montre bien que sa présence y est due 
& ce que la roche est plus dure a ces niveaux bas, et non pas a ce que Verrucaria 
et Lichina pygmaea seraient moins exigeants vis-a-vis du facteur ‘ cohésion ’ 
que les autres espéces ; enfin apparaissent Caloplaca marina, Xanthoria parvetina 
et Lichina confinis. 

Nous avons porté notre attention sur une autre question concernant l’ensemble 
des Lichens marins: ‘ces zones de Lichens... sont mieux représentées a 
mesure que l’on s’avance vers le Nord ot Vinsolation réduite et Vhumidité 
atmosphérique toujours trés grandes constituent des conditions de vie optima 
pour le développement de Lichens ... Au contraire, si on s’avance vers le sud, 
on constate que ces zones se morcellent et disparaissent progressivement ’ 
(DE VIRVILLE, 1932, p. 5). Passant d’une cdte a l’autre de la Manche en de 
courts laps de temps, il m’était aisé de comparer trés étroitement l’abondance 
des Lichens sur l’une et l’autre. 

Je dois dire que jen’ai pas remarqué de différences trés tranchées : l'abondance 
de Lichina pygmaea est sensiblement la méme ; celle de Lichina confims et 


* Je n’ai trouvé que Lichina pygmaea & Navax Point. Mais je ne puis donner de ren- 
seignements positifs sur les autres Lichens: les niveaux oti ils pourraient exister sont 
inaccessibles sur les points ot ils ne s’éboulent pas et s’éboulent sur les points ou ils 


sont accessibles. 
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celle de Caloplaca marina sont plus fortes sur la céte anglaise, mais un facteur 
particulier (exposition au sud) explique cette différence au moins en partie ; 
celle de Verrucaria maura y est, également plus forte, et dans son cas, il se peut 
que la latitude joue un role. 

Je ne saurais opposer le caractére douteux de ces constatations a la regle 
ci-dessus énoncée, et cela pour deux raisons: (1°) mon champ d’études est 
situé entre deux limites de latitude assez voisine (48° et 51°), relativement a 
celles auxquelles s’applique le fait rappelé par DE VIRVILLE, qui parle de la 
calotte glaciaire d’une part et du Portugal d’autre part ; (2°) les cétes anglaises 
et francaises ne sont pas strictement comparables quant au degré de cohésion 
du substratum, et nous savons a quel point les Lichens sont influencés par 
ce facteur. 

Donnons maintenant quelques renseignements sur la répartition particuliére 
de chacune des espéces dans le sens horizontal. La répartition verticale sera 
étudiée dans un chapitre ultérieur. 


XANTHORIA PARIETINA L. 


Au sujet de cette espéce terrestre, nous n’avons rien de particulier a ajouter 
a ce qui vient d’étre dit: elle ne pénétre dans la zone des marées que si elle 
y trouve un substratum (siliceux ou calcaire) suffisamment cohérent. 


CALOPLACA MARINA Weddell. 


Ce Lichen est souvent passé inapergu des bionomistes, ayant été probablement 
confondu avec Xanthoria parietina en raison de sa couleur orange; d’autres 
fois, il a regu des dénominations erronées (Placodium murorum etec.). Son 
important rdle bionomique est maintenant bien connu sur la céte frangaise, 
apres les travaux de Davy bE VirVILLE (1930 et 1932), Davy pE VIRVILLE 
et KE. Fiscuer-Prerre (1931), H. pps ApBAyEs (1932 et 1933). 

J’ai rencontré cette espece dans toutes les stations des cétes francaises étudiées, 
tant en 1932 qu’au cours du présent travail, sauf sur les falaises tendres du 
bassin parisien (voir plus haut); et sauf en la station de Primel, singularité 
que je ne saurais expliquer. L’examen de la répartition de cette espéce a Vile 
d’Ouessant me permet de renforcer les conclusions des auteurs précédents sur 
Vinfluence de lorientation : elle est beaucoup mieux développée dans les 
stations exposées au sud que dans les autres. Elle est d’ailleurs trés mal 
développée dans toute Tile d’Ouessant, et souvent localisée sur quelques pans 
de roche tournés au sud, 

Sur la céte anglaise de la Manche, on pouvait @ priori s’attendre A lui voir 
jouer un réle bionomique équivalent & celui qui a été reconnu en France. En 
effet, le Caloplaca marina a été signalé jusque dans des régions beaucoup plus 
nordiques, par exemple par KNowLEs en Irlande (1913, sous le nom de Placodium 
lobulatum), par bu Rimrz & Gothland (1925), ete. 

Je n’ai done pas été étonné de constater que Caloplaca marina formait une 
zone bien apparente dans la plupart des stations anglaises que j’ai visitées. 
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On peut méme dire que, d’une fagon générale, cette zone est plus apparente ici 
que sur la céte frangaise. Cela peut s’expliquer par la préférence de l’espece 
pour l’orientation Sud: cette orientation est beaucoup plus fréquente sur la 
céte anglaise, qui regarde le Sud, que sur la céte francaise, qui regarde le Nord. 
Peut-étre intervient-il aussi une question de latitude (voir plus haut). 

Citons quelques-unes des particularités constatées en diverses stations. 

Les stations ot OC. marina m’a semblé étre le plus abondant, sont celles de 
Prawle Point et de Carn Du Point. Mais les plus beaux thalles s’observent 
& St. Alban’s Head, bien que l’espéce ne puisse étre dite abondante en cette 
station, en raison de sa localisation sur les seuls bancs de grés. 

Nous ne rappellerons que pour mémoire le fait (voir plus haut) que l’espéce 
fait défaut sur les falaises trop facilement érodables (ile de Wight, Lyme Regis, 
Straight Point, Brixham, Lizard Point), et n’est que maigrement représentée 
(sur quelques blocs) sur les calcaires déja plus durs de Portland Bill. 

Sur les schistes durcis et les granites du Devon et des Cornouailles l’espéce 
existe dans toutes les stations. Elle est toutefois fort peu abondante a St. Goran, 
ou je ne l’aitrouvée que sur un rocher faisant face & Est, situé prés de la pointe. 

Ayant constaté a diverses reprises (voir Alaria, Corallina, Actinia, Patella 
intermedia) un étroit parallélisme entre les faits observés & Ouessant et les 
faits observés aux iles Scilly, et étant donné que Caloplaca marina est mal 
représenté & Ouessant, on pouvait se demander s'il n’en serait pas de méme 
aux iles Scilly: il n’en est rien, son abondance aux Scilly m’a semblé normale. 


VERRUCARIA MAURA Walh. 

Espéce trés généralement présente dans les stations ot le substratum est 
suffisamment résistant. En dehors des stations manifestement érodables, 
je n’ai noté aucune absence singuliere, telle que celle du Caloplaca 4 Primel. 
L’espéce est toutefois assez mal représentée en plusieurs stations d’Ouessant 
(Enez Nein, Ar Bachou, Toul Cheller), tandis qu’en d’autres stations, son abon- 
dance est normale (Pern, Le Créac’h) ou grande (Pen Choret). En Angleterre, 
elle est mal représentée & Carn Du Point, ot. cependant le granite ne semble 
pas particulitrement friable, et & St. Goran ot elle est presqu’exclusivement 
localisée sur les veines de quartz, ne se trouvant qu’assez exceptionnellement 
sur les schistes durcis. A Prawle Point, au contraire, se constate une grande 
abondance de Verrucaria. 

En comparant dans l’ensemble les cétes anglaises et frangaises de la Manche 
(et en se limitant & ceux des secteurs de ces cétes ou les roches sont dures), 
il semble qu’on puisse dire que Verrucaria maura est mieux représenté en 
Angleterre qu’en France. Il ne peut s’agir ici d'une influence favorisante de 
lexposition Sud, invoquée pour Caloplaca, car une telle influence n’a pas été 
reconnue pour Verrucaria; au contraire, Davy DE VIRVILLE (1932, p. 23) 
considére que ‘ cette espéce ... est surtout bien développée au Nord’. On 
pourrait done se trouver en présence de leffet de la latitude, dont j’ai parlé 


plus haut. 
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LiIcHINA CONFINIS Agh. 

G. L. Naytor, étudiant la répartition de ce Lichen & Plymouth (1929) 
a montré quil prospére surtout sur les cOtes abritées et ensoleillées. C'est 
aussi ce que j’ai constaté en 1932: j’ai montré, en particulier, que dans les 
jles anglo-normandes, ce Lichen est trés apparent sur les cétes Sud, et beaucoup 
plus mal représenté sur les cdtes Nord, ol souvent on ne le trouve que sur les 
quelques pans de roche qui regardent le Sud ; j’ai montré aussi que les thalles 
les plus magnifiques se rencontraient dans l’estuaire de la Rance, sur les portions 
du rivage tournées au sud, donc en des lieux a la fois abrités et ensoleillés. 

Mes nouvelles observations parlent toutes dans le méme sens. L’espéce 
est trés mal représentée sur la céte nord du Finistére, ce qui explique que les 
bionomistes de Roscoff ne s’en soient guére occupés : je l’ai vainement recherchée 
& Primel, Batz, Tremazan et au Conquet; & Locquirec, elle est localisée sur 
des rochers orientés au sud ; il n’y a qu’& Pontusval que je lui ai reconnu une 
certaine abondance. 

A Ouessant, l’espéce est trés mal représentée dans l’ensemble, et sa préférence 
pour le Sud y est des plus apparentes. 

En Angleterre, l’espéce manque, bien entendu, dans les stations ot la roche 
est friable. Dans les autres stations, elle est généralement mieux représentée 
que sur l’autre rive de la Manche, ce qui s’explique aisément par l’orientation. 
Elle est assez prospére sur les grés durs de St. Albans’s Head ; elle est abondante 
a Prawle Point ; je l’ai vainement recherchée a Blackstone Point ; elle est assez 
abondante & Rame Head, et présente 4 Looe, St. Goran (localisée sur un pan 
de rocher orienté 4 l’Est), Pennance Point, Carn Du Point, Cape Cornwall. 
Sur la céte nord de Cornouailles, elle est beaucoup plus mal représentée que 
sur la c6te sud (Zennor; Newquay; & Navax Point je ne j’ai pas trouvée). 
Aux iles Scilly elle est assez bien représentée, surtout a Tresco. 


LicHIna PYGMABA Agh. 


Généralement présente sur les terrains durs (manque cependant aux [les 
Saint Marcouf, 1932), localisée aux endroits battus. Particuligrement abondante 
& Locquirec, Pontusval, Pen Choret (Ouessant), Halftide Ledges (iles Scilly), 
et surtout 4 Blackstone Point. Peu abondante & Carn Du Point. Dans 
l'ensemble, cette espece, indifférente a l’exposition, prospere également sur les 
deux rives de la Manche. 


SPONGIATRES. 
HYMENIACIDON SANGUINEA Grant. 


On sait (voir travail de 1932) que cette Eponge ne joue généralement qu’un 
role trés restreint dans le peuplement des surfaces rocheuses franchement 
asséchables, car elle est normalement réfugiée dans des fentes ; mais qu’elle 
arrive exceptionnellement a s’étaler hors de ces fentes, et & couvrir de grandes 
surfaces rocheuses, jusqu’au niveau d’humectation des basses mers de morte- 
eau ; cette prospérité exceptionnelle n’avait été observée par moi que dans les 
diverses stations de la baie de Saint Brieuc et auparavant (1929) dans la Rance, 
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Depuis lors, j’ai observé en d’autres stations des faits analogues, quoique 
moins marqués. 

Sur la céte nord du Finistére, et & Ouessant, l’espece ne sort pas des fentes, 
sauf & la pointe de Locquirec, sur le flanc Est de cette pointe, qui regarde les 
dépots sablo-vaseux du fond de la baie de Lannion. 

En Angleterre, j’ai constaté que les Hymeniacidon restaient localisés dans les 


fentes en toutes les stations visitées sauf les suivantes (énumérées en allant 
d’Ouest en Est) : 


(1°) A Pennance Point prés Falmouth, cette Eponge déborde des fentes 
dans une faible mesure. 


(2°) A St. Goran, prés Mevagissey, on constate que sur les rochers situés 
a Vextrémité de Hemmick Beach, les Hymeniacidon s’étalent largement hors 
des fentes, sous toutes les orientations, 4 l’exception du Sud; et, en partant 
de ces rochers pour s’avancer vers Dodman Point, on constate que l’espéce 


arrive 4 couvrir de trés larges surfaces franchement asséchables, méme face 
au Sud. 


(3°) A Rame Head, l’espéce, qui 4 la pointe méme est mal représentée, 
est au contraire assez prospére sur les rochers situés au début de Whitesand Bay, 
et s’y étale assez largement hors de fentes, moins toutefois qu’a St. Goran 
(mais mieux qu’&a Pennance Point). : 


Comment expliquer la prospérité particulitre de cette Eponge dans les 
quelques stations que je viens de mentionner? Toute explication est trés 
hasardée en raison du petit nombre méme de ces stations. 

Je remarquerai cependant que ces diverses stations sont situées dans des 
baies ou indentations de la céte: la Rance, la baie de Saint Brieuc, la baie de 
Lannion ; et la partie rentrante de la cote anglaise située entre Lizard Point 
et Start Point. Je suis done tenté de rattacher l’étude de ce probleme a celui 
de diverses autres répartitions analogues : pour les especes Pomatoceros triqueter, 
Balanus perforatus, Anomia ephippium, Mytilus edulis, la question a déja été 
posée en 1932, et le sera de nouveau dans le présent travail, avec plus de netteté. 
Nous reverrons & propos de ces espéces, quels sont les facteurs favorisants qui 
peuvent entrer en ligne de compte dans les baies. 

Mais une remarque s’impose de suite : alors que certaines espéeces (Pomatoceros 
triqueter, Balanus perforatus, Mytilus edulis) sont assez généralement abondantes 
dans les baies, l’espece dont nous nous occupons ici, Hymeniacidon sanguinea, 
ne montre de prospérité particuliére que dans certaines baies. En particulier, 
dans la baie de Seine, et dans Lyme Bay, qui est la baie la mieux marquée 
de la cote sud l’Angleterre (voir carte no. 2), ’'espece ne parait pas favorisée. 
Les diverses biaes ne seraient donc pas équivalentes 4 ce point de vue. 

J’ai essayé, en collaboration avec M. le Professeur GRUVEL, d’élargir la question 
en comparant deux baies, non plus seulement au point de vue de la faune 
intercotidale, mais aussi au point de vue de la faune draguée: nous avons 
dragué le long des isobathes de 5, 10 et 20 m.; dans la baie de Saint Brieuc 
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et dans la baie du Mont Saint Michel, et nous avons étudié la densité de population 
des espéces les plus communes, rapportées a l’unité de surface des éléments 
solides (pierres coquilles d’huitres) ramenés du fond. Les premiers résultats, 
publiés en 1934, montrent qu’il existe deux types de répartition tres distincts. 

Dans le premier type, qui est celui de Anomia ephippium (Mollusque) et de 
Pomatoceros triqueter (Annélide), l’espece est rare en face des caps, abondante 
dans les baies, et d’autant plus abondante qu’on pénétre davantage vers le fond 
de la baie. 

Dans le second type, qui est celui de Sabellaria spinulosa (Annélide) et de 
Lepralia pallasiana (Bryozoaire), Vespece est abondante dans l'une des baies 
(celle du Mont Saint Michel), fait presque défaut dans autre (baie de Saint 
Brieuc) et c’est sans aucune transition que l’on passe, au niveau d’Erquy, 
de la région d’abondance a la région de pauvreté. 

L’existence de ce second type de répartition nous montre bien que deux 
baies peuvent ne pas étres équivalentes, et qu'il peut exister dans la baie de 
Saint Brieuc certaines conditions particuliéres, défavorables a Sabellaria spinu- 
losa et & Lepralia pallasiana ; ces conditions particuliéres seraient, par contre, 
favorables 4 d’autres organismes tels Hymeniacidon sanguinea. 


ANTHOZOATRES. 


ACTINIA EQUINA L. 


Cette espéce trés banale présente d’une station & une autre de grandes variations 
de son degré d’abondance : les faits que j’ai établis a ce sujet en 1932 aboutissent 
& considérer sa distribution comme d’apparence trés désordonnée, mais néan- 
moins stable: d’une année & une autre on retrouve les mémes faits dans les 
mémes stations. C’est un cas net de ‘ répartition capricieuse ’, genre de cas 
qui, aprés mes études de 1932, se revélent infiniment plus rares qu’il n’était 
généralement admis. 

L’étude de la cdte nord du Finistére et de la céte sud d’Angleterre ne fait 
qu’amplifier les constatations précédentes. Le désordre apparent est tel 
qu'il serait fastidieux d’énumérer les stations ot le degré d’abondance de 
cette espece s’écarte de la normale dans un sens ou dans l’autre. Je renvoie 
a la carte no. 10 ot ces faits sont consignés. Je reviendrai d’ailleurs plus loin 
sur la répartition de cette Anémone, 4 propos de l'étude du Mollusque Patella 
intermedia. 

Pour le moment, je me contenterai de dire que la lecture de la carte no. 10 
nous montre un seul fait s’écartant du désordre de l'ensemble: il consiste 
en la grande abondance d’Actinia equina dans toutes les stations visitées & Vile 
d’Ouessant, d’une part, aux iles Scilly, d’autre part, symétriquement disposées 
a Ventrée de la Manche. 
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ECHINODERMES. 


PARACENTROTUS LIvipuS Lamarck. 

Les Oursins sont trés abondants dans la Méditerranée et dans le golfe de 
Gascogne ; ils sont déji moins abondants sur la c6te francaise de la Manche 
(voir KonHiER) et beaucoup moins sur la céte anglaise (Plymouth marine 
fauna). 

On les trouve surtout par dragages 4 faible profondeur, mais ils peuvent aussi 
pénétrer dans la zone des marées. C'est le cas a Biarritz par exemple, ou 
ils sont extrémement abondants dans des cuvettes. C’est aussi le cas en diverses 
stations de la céte francaise de la Manche: pn BraucHAmp (1914) a signalé 
que les Oursins (qui font totalement défaut au Nord et & Ouest de Roscoff 
méme) se trouvent dans des cuvettes & Duon et au Beclem, et quwils sont 
surtout abondants & Beg-an-Fry et & Locquirec. Pour ma part, je les ai 
signalés (1932) A Pordic sous les cailloux, aux Roches Douvres, au cap Fréhel, 
au fort La Latte, puis (1933) au cap d’Erquy dans des cuvettes, en assez grande 
abondance. 

Depuis lors, je les ai trouvés abondants aussi au Val André, sous des pierrailles. 
Cette localité se trouve, comme Pordic et Erquy, dans la baie de Saint Brieuc. 
J’ai vérifié également leur présence a Locquirec; dans les autres localités 
du Finistére je n’en ai pas vu. 

Done, sur la céte francaise de la Manche, les régions ot on voit les Oursins 
remonter en abondance dans la zone des marées sont, d'une part, la baie de 
Lannion (Beg-an-Fry, Locquirec), d’autre part la baie de Saint Brieuc. 

Dans les diverses stations de la céte anglaise que j’ai visitées, je n’ai pas 
vu d’Oursins. 


ANNELIDES. 
POMATOCEROS TRIQUETER L. 


Pomatoceros triqueter est une Annélide tubicole trés communément répandue 
sur les gréves de nos régions, comme aussi en profondeur. 

En profondeur, elle joue un rdle bionomique important a la surface des rochers, 
ainsi que ont montré les études faites en scaphandre par Krrcuinc, MAcANn 
et Ginson (1934). Mais sur les gréves, pour la trouver, il faut généralement 
retourner des cailloux reposant sur des dépdts meubles : les tubes sont soudés 
a la face inférieure de ces cailloux; on peut aussi les trouver sur les faces 
latérales ou supérieure des cailloux, ou sur les rochers, aux environs immédiats 
des herbiers ou sous les revétements d’Algues de la zone des Laminaires ; mais 
en général elle fait défaut sur les rochers franchement asséchables et battus 
par la houle. 

Jai cependant montré, en 1932, qu’elle est capable d’occuper cette situation 
en cerlaines stations, et de figurer alors parmi les éléments importants du 
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peuplement de ces rochers battus, jusqu’au niveau d’humectation des basses 
mers de morte-eau. 

Rappelons les noms de ces stations ot l’espéce est ainsi particuli¢rement 
favorisée : les unes se groupent dans la partie Est de la baie de Seine : Cauville, 
le Grand Clos et surtout La Héve ; et les autres dans la partie Est de la baie 
de Saint Brieuc, 4 Erquy ot l’abondance est maxima, a Pordic, et & Plouha ; 
on lui voit aussi une certaine abondance dans la baie de Saint Malo, au fort 
La Latte (en face de Vherbier qui occupe l’entrée de la baie de la Fresnaye) 
et au Décollé. 

J’ai posé la question de savoir s’il ne fallait pas considérer que cette prospérité 
de l’espece en certaines stations qui se trouvent toutes étre dans des baies 
était attribuable & une influence favorisante de substances organiques : j’ai 
été porté vers cette hypothése par le fait que l'étude de détail de la répartition 
de l’espéce dans la région de Saint Malo (1929, p. 387) m’avait montré un rapport 
évident entre la présence de l’espéce et la présence d’un milieu riche en matiéres 
organiques. 

Que nous donne la suite de notre étude ? 

Dans le Finistére, cet organisme se présente & découvert 4 la Pointe de 
Locquirec, au fond de la baie de Lannion : il y est semi-abondant a la pointe 
méme, et abondant sur le flanc Est de la pointe, face aux dépdts de vase. 
De Beavucuame l’y avait déja cité (p. 163) : “A Locquirec, Pomatoceros triqueter 
forme des encrotitements trés notables, entre les touffes clairsemées de Fucus’. 
Dans les autres stations de la céte du Finisteére, et & Ouessant, je ne Vai pas 
observé dans cette situation. 

En Angleterre, Pomatoceros se présente 4 découvert dans les stations suivantes : 

A Straight Point, au fond de Lyme Bay, il est semi-abondant par place. 
ALLEN l’avait déja signalé & Orcombe Rocks. 

A Brixham, il est plus abondant qu’a Straight Point. I] avait déja été noté : 
‘Extremely common on stones’ &'Torquay par Enwess. Il est donc vraisemblable 
que son abondance existe dans tout le fond de Lyme Bay. 

A Rame Head, il est abondant sur ceux des rochers qui sont les plus proches 
de la plage de Whitesand Bay. 

A Saint Goran, il est abondant, sur les rochers de la pointe surtout, et présent 
aussi sur les rochers situés & Vorigine de la plage. 

A Pennance Point, il est présent partout, mais peu abondant, sa densité 
n’étant que de 1 individu par métre carré. 

Dans les autres stations visitées, l’espéce ne s’aventure pas hors de ses abris 
habituels. e 

La carte no. 11 résume la répartition de Pomatoceros triqueter. Que ressort-il 
de examen de cette carte? De toute évidence il se confirme que ses stations 
de prospérité sont localisées dans des baies: en France, baie de Seine, baie 
de Saint Brieuc, baie de Lannion ; en Angleterre, Lyme Bay et baie de Falmouth— 


Plymouth, Cela confirme entitrement les études précédentes. j 
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Elles sont encore confirmées sous une autre forme, par les résultats des dragages 
entrepris systématiquement dans toute la région normano-bretonne, de Granville 
& Paimpol (A. Gruvet et E. Fiscuer-Prerrs, 1934): nous avons montré 
que dans cette région, l’espéce se drague en abondance dans toute la baie du 
Mont Saint Michel et la baie de Saint Brieuc, et en quantité infiniment plus 
faible (4 profondeur égale) devant les régions saillantes des cétes : pointe de 
Cancale, cap Fréhel, région de Paimpol. 

Des faits aussi caractérisés doivent arriver A s’expliquer assez aisément. 
Nous les reprendrons plus loin conjointement avec d’autres répartitions similaires 
(Hymeniacidon sanguinea; Balanus perforatus; Mytilus edulis; Anomia 
ephipptum), pour examiner dans leur ensemble les facteurs de répartition qui 
peuvent étre envisagés : mouvements de l’eau, matiéres organiques, etc. 


SABELLARIA ALVEOLATA L. 

Les Hermelles Sabellaria alveolata ont été considérées par DE BEAUCHAMP 
(1914) comme l’un des éléments des ‘ associations spéciales de la roche exposée ’. 
Il note que cette espece “ réclame, en méme temps que des cétes assez exposées, 
Pexistence & proximité d’un tel sédiment (sable) que les courants puissent 
charrier & sa portée, mais il s’en faut qu’elle se trouve partout ot ces conditions 
sont remplies’. I] cite leur présence 4 Locquirec, mais leur absence en d’autres 
localités telles que Vile de Batz, Chausey (1923) et Brehat (DE BraucHamp 
et Lamt, 1931). Il rappelle qu’on peut trouver les Hermelles aussi dans des 
régions abritées. 

Sur les points battus, les seuls dont je m’occupe, j’ai mentionné (1932) 
Vabondance des Hermelles en diverses stations: d’une part dans la baie de 
Saint Brieuc (Plouha, Pordic, Le Val André, Erquy), d’autre part, pres de 
Granville, 4 Carolles et Saint German sur Ay. Je notai aussi leur présence, 
en moindre quantité, au Fort La Latte. 

Depuis lors, j’ai constaté qu’elles abondent également sur les rochers de Saint 
Pair, prés Granville, et j’ai vérifié leur abondance & Locquirec déja mentionnée 
par DE Braucuamp. Mais dans aucune autre des stations battues récemment 
visitées, tant en Angleterre qu’en France, je n’ai vu d’Hermelles en quantité 
suffisante pour constituer des encrotitements sur les roches. 

En Angleterre, les blocs d’Hermelles existent cependant: c’est le cas a 
Exmouth (ALLEN, 1913-15): ‘ Very common at Orcombe Rocks at et mouth 
of the estuary, forming the usual reef-like masses ’. C’est aussi le cas & White- 
sand Bay, prés Plymouth (Plymouth marine fauna, 1931, P- 16): ‘At intervals 
small reefs of low rocks run out amongst the sand, which . -. are specially 
characterised in places by the great abundance of the reef-building Polychaete, 
Sabellaria alveolata. The rocky foundation in close proximity to an abundant 
supply of sand evidently furnishes to these worms the spacey conditions neces: 
sary for the formation of their masses of sand-built tubes ’. . 

Mais il semble que sur la cote sud d’Angleterre, les Hermelles ne parviennent 
pas 4 s’établir sur des pointes battues comme elles le font en France. 
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CRUSTACES CIRRIPEDES. 

POLLICIPES CORNUCOPIAE Leach. 

Cette espéce est connue pour peupler les pointes les plus battues de nos 
cotes ouest, et se retrouve jusqu’en Irlande. On sait aussi qu’elle ne pénétre 
que difficilement dans la Manche ; elle n'y a été trouvée que sur quelques 
écueils de la région de Roscoff. 

Mes observations confirment cette répartition. Je n’ai observé cette espéece 
dans aucune des stations visitées dans la Manche ; je l’ai, par contre, observée 
& Ouessant : a la pointe de Pen Choret, et sous Le Creac’h (voir la carte no. 3), 
les Pollicipes sont nombreux, dans les fentes ou dépressions du rocher. Ce 
sont des individus isolés, ou des groupes ne comptant pas plus de 20 4 30 individus. 
La limite supérieure de leur répartition se situe légerement plus bas que celle 
de Mytilus edulis, qui coexiste avec eux (la coexistence fréquente de ces deux 
especes sur nos cotes atlantiques a déja été notée par DE BEAvcHAMpP). J’ai 
recherché vainement cette espéce dans les autres stations d’Ouessant, méme 
& la pointe de Pern située entre les deux stations précédentes*, ainsi que dans 
les autres stations frangaises et anglaises, y compris les iles Scilly. 


VERRUGA STROMIA O. Miller. 


Normalement confinée au-dessous du zéro ou dans des abris tres humides 
(face inférieure des pierres; certaines grottes), cette espece est cependant 
capable de se montrer en certaines stations sur des parois rocheuses franchement 
asséchables, jusqu’a la limite supérieure des Laminaires : du moins j’ai montré 
(1932) quil en était ainsi 4 Plouha, dans la baie de Saint Brieuc, ot l’espéce 
forme a ce niveau une population tres dense, jouant un réle bionomique 
équivalent & celui que jouent plus haut les autres petits Cirripédes, Chthamalus 
stellatus et Balanus balanoides. 

Des faits analogues s’observent dans une autre station, celle de Brixham 
dans Lyme Bay, en face de Plouha. Les Verruca strémia y sont abondants, 
confluents par place (moins généralement confluents qu’&a Plouha), et peuvent 
atteindre de grandes tailles: 8 mm. de diamétre. Les surfaces rocheuses ow 
ils se trouvent sont toutefois moins franchement asséchables qu’a Plouha, parce 
que plus ou moins abritées par des Algues. 

Dans les autres stations visitées, je n’ai rien observé de tel. 


BALANUS PERFORATUS Brug. 


Balanus perforatus est ’un des éléments les plus caractéristiques de la faune 
sessile des points battus. Ds Braucnamp qui a étudié sa répartition dans la 
région de Roscoff, a montré que cette espéce est d’autant mieux représentée 
que la localité est plus battue. 

Kn 1982, j’ai montré que B. perforatus fait défaut sur les cdtes de roches 
tendres du Calvados et de la Seine Inférieure, sans doute parce que ces cétes 
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sont peu battues; mais qu'il est présent dans presque toutes les stations 
étudiées dans la région armoricaine, c’est A dire des iles Saint Marcouf a la 
baie de Lannion. 

J’ai mis en évidence dans cette derniére région de curieuses variations d’abon- 
dance, ordonnées selon un mode concentrique, si on peut dire. Le centre 
de ce systeme est l’ile d’Aurigny, ott l’espéce fait défaut. En partant de ce 
point, dans toutes les directions on voit l’espéce apparaitre et accroitre 
progressivement son abondance ; que l’on aille vers la baie de Seine ou vers la 
baie de Saint Malo, en passant par les cOtes est ou ouest du Cotentin, ou vers 
les baies de Saint Brieuc et de Lannion, en passant par les iles. Ces phénoménes 
sont d'une telle régularité qu’il est vraisemblable qwils relevent d’une cause 
simple. 

Remarquant que l’espéce présentait son maximum d’abondance dans des 
baies, et son minimum d’abondance dans des iles, j’ajoutai: ‘Ne pourrait-on 
pas, des lors, supposer que l’espéce est favorisée par le voisinage de la terre 
ferme, que, par exemple, elle recevrait, par les apports cétiers, certains corps 
utiles & sa nutrition ou a son équilibre physico-chimique et, par contre, subirait 
une déficience de ces substances, sur les iles éloignées de la masse continentale, 
et proches des eaux profondes. Toutefois, ceci ne nous expliquerait pas la 
rareté des Balanus perforatus & Granville et 4 Cancale, points situés au voisinage 
d'une baie tres importante, celle du Mont Saint Michel ’. 

Nouvelles observations —La constatation des faits ci-dessus rappelés rendait 
tres désirable l’acquisition de nouveaux documents. 

L’examen de la partie ouest de la cdte frangaise, et celui de la cote anglaise, 
m’ont permis d’observer une série de faits du méme ordre: en parcourant ces 
cétes, on voit se succéder des régions ott ’abondance est grande et des régions 
ou l’abondance est faible, et souvent le passage des unes aux autres est graduel. 
Il est inutile que je décrive ces faits en détail, il suffit que je les porte sur des 
cartes ot ils puissent étre lus. Jai jugé utile de les porter sur deux cartes 
SuCcceSSives. 

La premiére carte (fig. 12) indique simplement le degré d’abondance en chaque 
station, sans qu’intervienne aucune schématisation. 

Sur la seconde carte (fig. 13) j’ai tracé, & l’aide des documents fournis par la 
carte précédente, des ‘ lignes d’iso-abondance ’, destinées a mieux faire ressortir 
l’aspect général de cette répartition. J’avais déja dressé une carte de ce genre 
en 1932, pour la région alors étudiée, et j’avais pu affirmer que cette carte ne 
comportait aucune part de schématisation : car la région en question, parsemée 
diles, présente un véritable réseau de stations, formant un canevas qui guide 
de facon stire le tracé des courbes. La carte no. 13, par contre, ne peut étre 
dite exempte d’interprétation, car il peut y avoir hésitation sur le tracé des 
courbes, en raison de l’absence d’iles devant les cétes du Finistere et d’Angle- 
terre *. 

* En fait, cette deuxiéme carte a été dressée surtout pour permettre des comparaisons 
avec la répartition de Mytilus edulis, qui lui ressemble dans son allure générale, bien mise 


en valeur par ce genre de carte. 
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Avant de formuler les résultats, il nous faut préciser le sens des adjectifs 
employés sur les cartes. 

‘Grande abondance’: Les Balanus perforatus attirent Vattention dés 
labord, par le nombre élevé de leurs individus, souvent contigus ou méme 
soudés par groupes. 

‘Abondance moyenne ’: ils ne s’imposent pas immédiatement a l’attention. 
La population est clairsemée, les individus sont isolés ou unis par groupes peu 
nombreux. Toutefois, un effort d’attention minime permet d’en voir un trés 
grand nombre. 

‘Faible’: il faut chercher avec un certain soin pour trouver des Balanus 
perforatus, généralement localisés soit sur des arétes rocheuses, soit au contraire 
dans des couloirs ou de grandes fentes. Mais en consacrant 4 cette recherche 
un temps suffisant on pourrait encore faire une récolte aussi abondante qu’on 
le désirerait. 

‘Tres faible’: cette expression est employée dans le cas oti des recherches 
méme prolongées ne permettent de découvrir qu’un nombre restreint d’individus. 
L’exploration de la gréve donne d’abord l’impression que la station est dépourvue 
de B. perforatus, jusqu’a ce que par chance, on rencontre quelques individus 
ou quelques dizaines d’individus, généralement localisés dans des abris. 

‘“Nulle’: recherche vaine. Cela n’implique pas l’affirmation de l’absence 
totale de ’espéce ; mais seulement qu'elle n’a pas été trouvée dans les conditions 
ou s’est effectuée la recherche. 

I] fallait donner ces précisions, qui permettront de se rendre compte ultérieure- 
ment des variations de l’abondance au cours des années. De telles variations 
existent : j’en avais déja mentionné dans mon travail précédent, 4 Barfleur. 
D’autres sont en cours, dans les iles anglo-normandes: & Jersey, Guernesey 
et Serk, cette espeéce est incontestablement plus abondante en ce moment 
(1934-1935) qu’elle n’était en 1929-32. Cela m’a entrainé A modifier le tracé 
de la courbe séparant la zone d’abondance ‘ faible’ de la zone d’abondance 
‘tres faible’. (Comparer carte no. 14 de 1932 et carte no. 13 du présent 
travail). Pour Aurigny, ot je ne suis pas retourné, je ne sais ce qu’il en est, 
et si lespéce y fait toujours défaut *. 

Examinons maintenant nos cartes, pour en dégager les faits essentiels. Un 
premier fait consiste en ce que la * grande abondance ’ est fréquemment atteinte 
sur la céte frangaise et ne figure presque pas sur la cOte anglaise: elle n’y a 
été observée qu’en la seule station de Straight Point. Ce fait peut s’expliquer, 
car Balanus perforatus ne s’étend pas, vers le nord, au-dela du pays de Galles 
(Tenby d’aprés Darwin ; Warton le mentionne & Aberystwyth), et on peut 
penser que son degré de prospérité sur la céte sud d’Angleterre est déja influencé 
par cette proximité de la limite de latitude. 

Ceci dit, nous constatons que l’abondance varie beaucoup d’une région & une 
autre d'une méme cdte. Passons en revue, sur l’une et l’autre céte, les points 
ou régions d’abondance, et les points ou régions de rareté. 


* Je viens de l’y observer (sept. 1936). 
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Nous laisserons de cété les régions friables ow les conditions sont d priort 
défavorables pour l’espéce : telles sont les cOtes de la Seine Inférieure et du 
Calvados ; telles sont les cdtes calcaires du Sussex et de Vile de Wight ; telle 
est la station de Lyme Regis : en ces diverses stations, les niveaux bas, les seuls 
ou cette espéce soit capable de vivre, sont constitués par des platiers sur lesquels 
la vague est freinée. Par contre, nous prenons en considération les stations 
de St. Alban’s Head, Portland Bill et Straight Point, en raison du fait que la 
greéve y présente une inclinaison suffisante. 

En France, nous constatons que la région d’Aurigny n’est pas le seul 
‘centre de raréfaction ’ de l’espéce. L’extrémité de la céte nord du Finistére 
(Pontusval, Tremazan), et la partie nord d’Ouessant, constituent une autre région 
défavorable. 

De méme, la baie de Saint Brieuc et de Saint Malo n’est pas la seule région 
ou se constate une grande abondance; on l’observe aussi dans la baie de 
Lannion et dans ses abords,-de Ploumanach a Vile de Batz. 

Les transitions trés fines que nous avons mises en évidence (1932) dans la 
région allant des iles St. Marcouf 4 Lannion, ne se retrouvent pas dans le 
Finistere : on passe tres brusquement d’un extréme a l'autre, de Batz & Pontus- 
val. Les transitions sont un peu plus ménagées quand on va du nord d’Ouessant 
vers la rade de Brest. Toutefois, elles se font sur une courte distance (carte 
no. 14). 

An Angleterre, le fait le plus net est labsence apparente de Vespéce aux 
jles Scilly. En partant de la et en allant vers le canal de Bristol, on voit 
Vabondance augmenter tres progressivement*. Les autres faits sont moins 
faciles & exprimer. Ils le seraient si on laissait de c6té les stations de Looe 
et de Blackstone Point : on pourrait alors dire que lespéece est trés mal repré- 
sentée (abondance trés faible, ou nulle) sur les points saillants des cotes (Cape 
Cornwall; Lizard Point; Prawle Point ; Portland Bill; St. Alban’s Head), 
et bien représentée (abondance moyenne ou grande) dans les parties rentrantes : 
baie de Falmouth—Plymouth, et Lyme Bay. 

Mais il y a les exceptions de Looe et de Blackstone Point, ot l’espéce est 
d’abondance trés faible ou nulle, bien que ces stations ne soient pas sur des 
parties saillantes de la cdte. Ce ne sont que 2 exceptions sur un grand nombre 
de stations, et ce ne sont que des exceptions négatives. Il faut cependant en 
tenir compte. 

L’exception de Looe est instructive, du fait qu’elle s’applique, non seulement 
au cas de Balanus perforatus, mais aussi & celui d’autres espéces que nous avons 
considéré, ou considérerons, comme favorisées dans les parties rentrantes : 
Hymeniacidon sanguinea, Pomatoceros triqueter, Mytilus edulis. C’est une de 
ces exceptions d’ot peut sortir une explication. Nous la discuterons plus loin. 
L’exception de Blackstone Point, par contre, ne suggére rien. 


* Ceci n’implique pas une ‘ grande abondance ’ dans le fond de la baie de Bristol: j’ai 
constaté que l’espéce était rare dans le North Devon ; mais on s’approche la de sa limite 


en latitude. 
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Compte tenu de ces exceptions (et des remarques faites, en 1932, a propos 
de la baie de Mont Saint Michel), on peut interpréter ainsi qu’il suit l'ensemble 
des faits de la répartition de Balanus perforatus en France et en Angleterre. 


ABONDANCE DE BALANUS PERFORATUS 
A OQUESSANT 


ABONDANCE DE MYTILUS EDULIS A OUESSANT 


/ nsign ifiante 
ou Nul/e 


~— 
_— 
~~ 
~~ 


Tres faible 


Cette espece presente des maxima d’abondance sur ceux des points battus 
qui sont situés dans des parties rentrantes de la céte: baies de Saint Malo 


) 
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et de Saint Brieuc ; baie de Lannion ; Lyme Bay ; baie de Falmouth—Plymouth. 
Elle présente, au contraire, des minima d’abondance sur ceux des points battus 
qui sont situés sur des parties saillantes de la cte ou dans des {les avancées : 
région de La Hague—Aurigny—Guernesey ; angle N.-O. du Finistére et partie 
nord d’Ouessant; Portland Bill; Start Point; Lizard Point ; Iles Scilly 
et Cape Cornwall. 

Un tel résultat pourrait passer pour étre en contradiction avec les données 
classiques qui établissent que cette espéce est d’autant plus abondante que 
les rochers qui la portent sont plus exposés aux vagues. Cette contradiction 
n'est qu’apparente. Car ces données classiques ne s’appliquent qu’au cas 
ou on considére la répartition de détail dans une région restreinte: ot que 
Von se trouve, dans une baie ou dans une région saillante, on verra effectivement 
cette espéce étre plus abondante sur les rochers bien exposés aux vagues que 
sur ceux des rochers du voisinage qui sont abrités des vagues. Mais il n’em- 
péche que cette espece puisse étre plus abondante sur les rochers battus se 
trouvant dans une baie, que sur les rochers battus se trouvant en une région 
saillante. 

Quelles peuvent étre les raisons de ces faits ? Leur apparence trés ordonnée 
incite & chercher des causes relativement simples. Peut-on penser que les 
houles trop fortes et trop fréquentes sont défavorables, par exemple, en lésant 
les larves au moment de la fixation sur le rocher? Peut-on penser que les 
baies offrent 4 cette espece des éléments d’origine terrigéne utiles a son équilibre 
physiologique, tandis que l’eau du large baignant les caps et les iles serait trop 
pure pour elle? Ces hypothéses seront reprises dans la discussion générale. 


BALANUS CRENATUS Brug. 

Balanus crenatus est trés abondant dans nos régions, et s’y trouve le plus 
souvent au-dessous du zéro; quand il pénetre dans la zone des marées, il est 
généralement localisé dans des abris humides (face inférieure des pierres). 
Aussi a-t-il été considéré par divers auteurs, DARWIN, GRUVEL, PRENANT et 
TEISSIER, etc., comme trés sensible a |’émersion franche. 

Or ilintervient des questions de lieu : les considérations ci-dessus s’appliquent 
trés bien a la région de Roscoff ; mais j’ai montré en 1932 que, plus a l'Est, 
il n’en est plus de méme: 4 Plouha et en d’autres localités de la baie de Saint 
Brieuc et de la baie de Saint Malo, les Balanus crenatus garnissent les parois 
asséchables des rochers de la zone des Laminaires ; ils s’élevent bien davantage 
dans la baie de Seine ou ils acquiérent une importance bionomique considérable, 
revétant les rochers jusqu’au niveau d’humectation des basses mers de morte 
eau. Il y a donc, d’Ouest en Est, une grande augmentation de Vimportance 
de cette espéce dans la zone des marées. J’ai tenté d’expliquer ces faits en 
faisant intervenir la porosité du substratum, et l’horaire des marées (voir le 
travail de 1932). 

Je m’attendais & observer le long de la rive anglaise de la Manche des faits 
paralléles & ceux, trés frappants, qui se manifestent ainsi le long de la rive 
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francaise. Or, il n’en arien été. En une seule station, celle de Brixham, les 
B. crenatus existent & découvert (peu abondants) dans la zone des Laminaires. 
C'est évidemment une station favorable aux Cirripédes, puisque Verruca 
strémia également y remonte exceptionnellement dans la zone des ne 
En ce qui concerne ces deux espéces, cette station de Brixham est done tres 
comparable a celle de Plouha qui lui fait vis-4-vis sur la céte frangaise, et oe 
est la premiére oul, quand on vient de ]’Ouest, on voit B. crenatus apparaitre 
dans la zone des marées. Mais, plus 4 I’Est, le parallélisme ne se poursuit pas : 
B. crenatus n’y joue pas de rdle intercotidal, méme pas le long de la portion 
calcaire de la céte anglaise (Wight, Newhaven) faisant face a la céte calcaire 
francaise. 


BALANUS BALANOIDES L. 


Cette espéce est l’une des plus abondantes qui soient dans la zone des marées : 
c’est elle qui forme, avec Chthamalus stellatus, le fond de la population animale 
sessile. 

Dans les régions ot elle est bien représentée, cette espece garnit les roches 
d’un revétement presque continu, depuis les niveaux bas jusqu’aux environs 
du niveau moyen des pleines mers de morte-eau, a raison de 1,000 a 2,500 
individus par décimetre carré. 

Mais cet organisme n’est pas uniformément réparti le long de nos cdtes. 
PRENANT et TEISSIER ont montré (1924) que cette espece, tres abondante et 
tres largement répandue dans la Manche orientale (Wimereux, Luc-sur-Mer, 
Anse Saint Martin), ne manifeste dans la région de Roscoff qu’une abondance 
infmiment moindre : on ne l’y trouve qu’en des stations assez localisées ; les 
individus sont de petite taille et se tiennent & des niveaux relativement bas. 
‘Il est possible que nous ayons affaire dans cette région aux derniers vestiges 
de B. balanoides, si abondants plus a lest, refoulés ici et remplacés par les 
Chthamalus ; dans ce cas il serait probablement intéressant de rechercher, le 
long des cétes bretonnes, comment se fait la transition ’. 

J’eus l'occasion de faire cette recherche (1932). En allant d’Est en Ouest, 
depuis Fécamp, on voit l’abondance rester grande jusqu’A Perros-Guirec. 
La raréfaction s’observe & partir de Ploumanach, elle est trés rapide et atteint 
d’abord les points battus, l’espéce conservant une certaine abondance aux 
points abrités; par ailleurs, la raréfaction débute par les niveaux élevés, 
tandis que la population reste normale au-dessous du niveau moyen de la mer, 

Javais arrété cette recherche 4 Trébeurden, aux confins de la région de 
Roscoff. Voici les faits qui s’observent plus a l'Ouest : 


A Loequiree, les faits sont sensiblement les mémes qwa Trebeurden, mais la raréfaction 
se fait sentir & la fois par le haut et par le bas, et c’est au niveau de mi-marée que la 
population conserve la plus grande densité. 

A la pointe de Primel, les Balanus balanoides sont assez localisés, et, la ot ils existent, 
on en trouve seulement 1 & 2 par décimétre carré, au niveau de mi-marée ; plus bas et plus 
haut, ils sont encore plus rares. Si nous quittons la pointe battue pour examiner la cale de 


Diben dans l’anse de Primel, nous trouvons une meilleure représentation : 10 individus par 
décimétre carré, 
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A Vile de Batz (pointe occidentale) on trouve quelques individus au niveau des basses 
mers de morte-eau: 5 & 10 par métre carré. 


A la pointe de Pontusval, la raréfaction est encore plus accentuée: 1 & 2 individus par 
métre carré, et seulement sur quelques pans de roche. 
A Tremazan, je n’ai pu trouver aucun individu, ni dans les endroits battus, ni dans 


les endroits abrités. Il en fut de méme a Vile d’Ouessant, en dépit de recherches des plus 
attentives. 


La raréfaction de lespéce dans la Manche occidentale aboutit done & son 
absence a l’extrémité du Finistére et & Ouessant. Nous ne sommes pourtant 
pas la a la limite de sa répartition géographique générale, car on sait qu’elle 
existe plus au Sud (voir Harron, 1932). Sa réapparition en allant vers le Sud 
se fait d’ailleurs des Le Conquet : en effet, en cette station, j’ai trouvé quelques 
individus (6 & 10 par metre carré) sur des rochers semi-abrités situés sous l’abri 
du canot de sauvetage : mais les rochers battus en sont encore dépourvus. 

Etudions la céte anglaise parallélement & la cote francaise. Y observerons- 
nous une raréfaction similaire en allant d’Est en Ouest? C’est effectivement 
le cas, quoique avec une moindre régularité. 

Les Balanus balanoides ont une abondance a peu prés normale de Newhaven 
& Brixham, ou du moins dans la majorité des stations de ce secteur oriental. 
Tl y a quelques irrégularités qu’il nous faut mentionner, et qui sont dues, 
apparemment, & des conditions lithologiques. 

Dans les stations trés crayeuses de Newhaven et de Freshwater Bay (Wight) les B. bala- 
noides ne s’inserent pas sur la craie, trop tendre: on ne les trouve que sur les Patelles, et, 
a Freshwater Bay, sur les nodules siliceux. Dans les stations de Portland et de Straight 
Point, ils sont trés abondants au-dessous du niveau moyen de la mer, mais dispersés 
(Straight Point) ou méme presqu’absents (Portland Bill) au-dessus de ce niveau. On 
peut penser que c’est la friabilité de la roche, plus marquée dans la partie supérieure que 
dans la partie inférieure de la zone des marées, qui est responsable de ces faits: c’est 


dailleurs ce méme facteur que nous avions fait intervenir pour expliquer la répartition 
des Lichens en ces deux stations, répartition qui présentait des faits trés similaires & ceux-ci. 


A partir de Brixham, nous entrons dans une région de raréfaction nette 
de Vespéce. Dans ce secteur occidental ot les conditions lithologiques sont 
homogénes quant a la dureté, les comparaisons dune station a la suivante sont 
beaucoup plus valables. Elles montrent un processus de raréfaction trés 
régulier d’Est en Ouest, exception faite pour la station de Prawle Point qui 
tranche par une raréfaction particuli¢rement accentuée, ainsi que nous allons 


le voir: 


A Prawle Point, les Balanus balanoides sont rares a tous les niveaux, alors que les 
Chthamalus stellatus sont abondants ; un peu en retrait, a Langerstone Point, ils sont mieux 
représentés. On en trouve | pour 4 a 5 Chthamales dans les régions basses, et 1 pour 20 
Chthamales vers le haut (rappelons que sur la cote frangaise, dans le secteur oti ces deux 
espéces coexistent, elles sont en nombre sensiblement égal). : 

A Blackstone Point, une densité normale s’observe au niveau de mi-marée et au-dessous 
de ce niveau ; mais au-dessus de ce niveau les individus sont dispersés et trés petits. 

A Rame Head, dans le haut de la zone des marées, les faits sont les mémes qu’a Blackstone 
Point ; mais dans le bas la population reste clairsemée, sauf sur es tse situés au début 
de la plage de Whitesand Bay (done dans une situation plus abritée), ot les B, balanoides 
sont, aux niveaux bas, aussi abondants que C. stellatus, 
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A Looe, les individus sont trés petits (maximum 4 mm. de diamétre le 15 mars 1934) 
et peu abondants: 1 pour 20 Chthamales au niveau de mi-marée. 

A St. Goran, les faits sont les mémes qu’&a Looe (16 mars 1934). 

Mais A Pennance Point, la densité observée est prés de deux fois plus forte que dans les 
deux stations précédentes : le 12 mai 1933, on trouvait environ 90 individus par décimétre 
carré. Il faut tenir compte du fait que cette observation se situait en mai, donc aprés 
lépoque de fixation des larves (avril ; voir Harron et FiscHer-Pretrr, 1932; H. B. 
Moore, 1934), tandis que les précédentes stations furent étudiées en mars, donc avant cette 
époque de fixation. En fait, 4 Pennance Point, sur les 90 individus observés au décimétre 
carré, il y avait 40 jeunes nouvellement fixés, mesurant 4mm., 5 au maximum, et 50 individus 
Agés de plus d’un an, mesurant 6 mm. environ*. Compte tenu de cette différence, les 
faits sont sensiblement les mémes & Pennance Point qu’a Looe et Rame Head. Par 
ailleurs, ici comme & Rame Head, on observe une densité plus forte dans les endroits semi- 
abrités que dans les endroits battus: dans la petite anse de Maen Porth, le méme jour, 
j’ai observé par décimétre carré, 50 & 100 adultes et 30 & 50 jeunes. 

A Lizard Point (11 mai 1933) la raréfaction s’accentue. J’y ai trouvé, en moyenne, 
par décimétre carré, 10 individus fixés depuis quelques semaines, 10 individus agés d’un an, 
et 2 individus de 2 ans ou plus; l’abondance est assez variable d’un point a un autre ; 
elle peut tomber & 2 individus par décimétre carré, ou au contraire, s’élever (dans un couloir 
mieux abrité) a 40. 

A Carn-Du Point (mars 1933) on observe & la fois une grande diminution de la densité 
et une limitation de Vhabitat. Les Balanus balanoides ne se trouvent guére qu’aux environs 
du niveau de mi-marée. On ne les trouve qu’avec un grand effort d’attention, parmi les 
Chthamales infiniment plus nombreux qu’eux: 1 individu pour 500 Chthamales, ou, au 
maximum (flanc Ouest de la pointe), 1 pour 100 Chthamales. Leur taille maxima était 
de 3 mm. 5. Tous ces individus étaient manifestement fixés depuis un an au maximum. 
D/ailleurs, ils étaient immatures. D’autre part, il n’y avait presque pas de tests vides (pas 
encore de mortalité). 

Aux iles Scilly, j’ai recherché minutieusement les Balanus balanoides dans toutes les 
stations visitées dans les diverses iles, et cette recherche fut absolument vaine. 


Le processus de raréfaction observé d’Est en Ouest aboutit done, ici comme 
en France, a l’absence apparemment totale de l’espéce. Qu’allons-nous observer 
en retournant d’Ouest en Est le long de la céte nord de Cornouailles ? Nous 
allons voir l’espéce reparaitre, avec une densité réguliérement croissante : 


Au Cape Cornwall, Balanus balanoides est présent (15 mars 1933). Aux niveaux moyens 
et bas j’en trouvai | pour 3 & 5 Chthamales. Ils étaient petits (maximum 4 mm. 5) et 
immatures, fixés depuis 1 an au maximum. Au-dessus du niveau moyen, ils étaient trés 
clairsemés (1 pour 10 Chthamales). 

A Zennor (13 mars 1933) la densité est sensiblement la méme. Mais la taille moyenne 
est un peu plus forte, et certains individus portaient des ceufs. 

A Navax Point (12 mars 1933), la densité est toujours sensiblement la méme ; la taille 
est plus forte et le nombre des individus portant des ceufs est assez élevé. 


* L’age des individus se juge facilement, non pas tant Caprés la taille que d’aprés Pétat 
de corrosion du test. Le test est blane et lisse chez les individus de moins @un an, bruni 


et corrodé au moins en partie chez les individus ayant entre 1 et 2 ans, et corrodé a 


Cee » 7 . . es * 
Pextréme chez ceux qui ont plus de deux ans. Nous avons acquis cette connaissance de 


Page des individus grace aux chantiers d’études que nous avons établis dans la région de 


Saint-Servan avee H. Harron, et sur lesquels nous avons suivi pendant quatre ans la 
croissance d’individus repérés, 
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A Newquay, le 11 mars 1933, les individus sont bourrés d’ceufs pour la plupart. Ls 
sont nettement plus nombreux que dans les stations précédentes : hes le flane Ouest de 
Towan Head, au niveau des basses mers de morte-eau, ils sont aussi nombreux que les 
Chthamales (mais ils sont encore rares aux niveaux moyens et hauts). Sur le flane Est, 
et sur les rochers de la plage, cette proportion n’est pas atteinte. 

Enfin, A Trevose Head (16 mars 1933) les Balanus balanoides sont de taille normale 
maximum 7 mm. 5), ceux qui dépassent 5 mm. sont tous bourrés d’ceufs, et ils sont réelle- 
ment abondants (autant que les Chthamales), non seulement aux niveaux bas, mais aussi 
aux niveaux moyens et hauts, jusqu’a leur limite supérieure de répartition située au niveau 
@humectation des pleines mers de morte-eau,. 


La carte no. 16 rend compte de l’ensemble des résultats exprimés ci-dessus. 
Elle nous montre un parallélisme trés étroit entre les phénoménes observés 
en France et les phénomenes observés en Angleterre, avec toutefois une irrégu- 
larité marquée, celle de Prawle Point. Si nous nous donnons le droit de négliger 
cette irrégularité, nous pouvons dire ceci : 

Tant en France qu’en Angleterre, les Balanus balanoides, abondants et bien 
développés dans la Manche centrale, se raréfient et diminuent de taille, en 
allant, d’Est en Ouest, vers les deux presquiles similaires du Finistére et des 
Cornouailles anglaises. Cette raréfaction aboutit 4 une disparition, d’une 
part 4 Tremazan et Ouessant (France), d’autre part aux iles Scilly (Angleterre). 

Une répartition ordonnancée d’une fagon aussi réguliére, et aussi symétrique 
d’une céte a l’autre, est vraisemblablement commandée par des facteurs assez 
simples. J’ignore d’ailleurs, jusqu ici, quels sont ces facteurs. 

Rappelons que la raréfaction affecte d’abord les points battus, avant de se 
faire sentir sur les points abrités ; et qu'elle affecte d’abord les niveaux élevés, 
et en dernier lieu les niveaux bas (Bretagne) ou moyens (Cornouailles). 

Enfin, rappelons qu’en 1933, en Cornouailles, on pouvait observer que les 
stations les plus occidentales (Carne-Du Point, Cape Cornwall) n’étaient peuplées 
que de jeunes individus, 4gés de moins d’un an. Ce fait ne peut pas étre 
attribué & une mortalité précoce (absence de squelettes) ; je linterpréte en 
supposant que, au cours des précédentes années, la limite géographique de 
Vespece s’est déplacée d’Hst en Ouest. Ce serait un cas un peu analogue a celui 
des Moules, dont, on le sait, la limite de répartition est susceptible, au cours 
des années, d’osciller autour d’un état moyen. 

Peut-étre étude attentive de ces oscillations, menée de front avec celle des 
variations du Milieu, nous mettrait-elle sur la voie de explication de ces faits 
de répartition. Je crois d’ailleurs qu’il serait toujours utile, dans la recherche 
de l’explication des faits de répartition régionale et générale des diverses especes 
littorales, de se placer dans les régions de transition et d’y poursuivre les 
observations avec continuité. 


CHTHAMALUS STELLATUS Poli. 


On sait que ce Cirriptde est présent & l’extrémité occidentale des cdtes 
frangaises de la Manche, ow il est, de beaucoup, la plus abondante des espéces 
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fixées sur les rochers intercotidaux, et qu’il fait défaut a V’extrémité orientale 
de la Manche. 

J’ai étudié, en 1932, le processus de sa disparition vers l'Est ; jai montré 
quelle se fait progressivement, par une trés lente raréfaction qui débute dans 
les Cotes-du-Nord ; en allant de li vers le Nord-Est, que l’on passe par la cdte 
ou par les iles, on voit cette raréfaction se produire, régulisrement, accompagnée 
d’un processus d’amincissement de la zone d’habitat: l’espéce se cantonne 
en dernier lieu au niveau des pleines vers de morte-eau, ot elle constitue une 
simple ligne d’individus, avant de disparaitre totalement. La disparition 
se fait entre Carteret et Flamanville, et dans l’ile d’Aurigny. 

Les nouvelles observations faites en France, dans le Finistére et aux Ecrehou, 
ne changent rien a cette répartition, qui est rappelée sur la carte no. 17*. 

Etablissons maintenant la répartition de cette espece le long des cétes sud 
d’Angleterre. 

Je l’ai trouvée dans toutes les stations occidentale, jusqu’a St. Alban’s Head 
inclus, et ai vainement recherchée dans les stations situées plus 4 Est. La 
limite de sa répartition s’établit donc entre St. Alban’s Head et Freshwater 
Bay, c’est-a-dire un peu plus 4 Est que la limite observée en France. 

A Vextrémité occidentale (Cornouailles) V’espéce est aussi abondante que 
dans le Finistére, jusqu’a la station de Looe incluse. Le secteur de raréfaction 
s’étend de Looe a St. Alban’s Head, c’est-a-dire sur une distance plus grande 
qu’en France. Allons-nous observer dans ce secteur une progressivité de 
raréfaction comparable a celle qui a été établie en France? II n’en est rien, 
et c’est la un des meilleurs exemples qui montrent & quel point les cétes armori- 
caines frangaises, par leur homogénéité, se prétent mieux que les cétes anglaises 
& des comparaisons réguliéres. 

Tout ce qu’on peut dire, sur le secteur Looe—St. Alban’s Head, c’est que les 
Chthamales n’y occupent plus toute la hauteur de leur zone d’habitat et que 
la raréfaction se fait sentir principalement aux niveaux bas, comme c’était 
déja le cas en France ; mais leur raréfaction y est fort irréguliére, et la dis- 
parition entre St. Alban’s Head et Freshwater Bay est brutale. Leur densité 
ne diminue guére de Looe a Straight Point, elle est faible de Lyme Regis a 
St. Alban’s Head. 

Donnons des indications sur chaque station : 


A Rame Head, les Chthamales, abondants mais de petite taille, et qui sur les rochers de 
Whitesand Bay occupent toute la hauteur de leur zone jusqu’aux niveaux les plus bas, 
ne descendent pas autant sur les rochers situés 4 la pointe méme. 


* Dans le Finistére, les Chthamalus stellatus sont abondants dans toutes les stations 
= 4 Pay Pails Al 2 
visitées, quoique assez espacés la oti le granite est trop érodable (ile de Batz; Tremazan ; 
> : 
et aux niveaux hautsa Pontusval). — Aux Ecrehou, on ne les trouve qu’au niveau dhumecta- 
tion des pleines mers de morte-eau et un peu au-dessous, et leur densité ne dépasse pas 
1 au métre carré, 
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A Blackstone Point, ils ne descendent guére au-dessous du niveau de mi-marée. 

A Prawle Point, ils descendent jusquw’un peu au-dessous du niveau des basses mers de 
morte-eau, 

A Brixham, on ne les trouve pas au-dessous du niveau des basses mers de morte-eau. 

A Straight Point, ils ne descendent pas au-dessous du niveau de mi-marée; vers le 
haut, leur répartition obéit toujours aux régles normales. 

A Lyme Regis, la gréve ne se préte pas & étudier leur limite inférieure, ni leur limite 
supérieure, mais ils sont peu abondants (1 contre 2 Balanus balanoides). 

A Portland Bill, ils sont peu abondants et leur habitat est trés limité: vers le bas, ils 
ne dépassent pas le niveau de mi-marée, vers le haut ils ne dépassent pas la limite supérieure 
de Patella vulgata. 11 est difficile de préciser dans quelle mesure intervient la nature de la 
roche (déja peu favorable a d’autres organismes tels que les Lichens et les Balanws balanoides) 
pour limiter leur extension vers le haut et pour diminuer leur densité. 

A St. Alban’s Head, ils sont relativement abondants mais ne dépassent cependant pas, 
vers le haut, la limite supérieure de Patella vulgata; vers le bas ils ne dépassent pas le 
niveau de mi-marée, sauf & proximité de Chapman’s poole, station moins battue, ot ils 
descendent jusqu’au niveau des basses mers de morte-eau. Les niveau sont d’ailleurs 
assez difficiles a préciser & St. Alban’s Head, en raison de la faiblesse de l’amplitude des 
marées. La zone habitée par les Chthamales ne mesure que 1 m. & 1 m. 50 d’extension 


verticale. 
Enfin, a Freshwater Bay, comme aussi sur tous les points, battus ou peu battus, de 


Vile de Wight et du Solent, et 4 Newhaven, les Chthamales paraissent introuvables. 


Le caractére brutal de la limite d’extension vers l’Est des Chthamales 
le long de la céte anglaise fait penser que cette espece, encore relativement 
abondante a St. Alban’s Head, pourrait pénétrer un peu plus loin dans la 
Manche s’il n’y avait pas une frontiére lithologique aussi tranchée : les calcaires 
tendres de Vile de Wight ne lui sont vraisemblablement pas aussi favorables que 
les roches plus dures qui s’observent 4 1Ouest. Par contre, sur la céte frangaise 
la limite de son extension ne tient aucunement & des causes lithologiques, 
je ai montré en 1932: la ligne Aurigny—Flamanville marque certainement la 
frontiére des conditions de climatologie générale, qui empéchent cette espéce 
de caractére assez méridional de s’approcher davantage de la Mer du Nord. 


MOLLUSQUES. 


ONCIDIELLA CELTICA Cuvier. 

Cette espéce étant une de celles dont l’aire de répartition est discontinue, 
il est intéressant de connaitre ses diverses stations. Ce Pulmoné a été décrit 
de V’entrée de la Rance, ou il est trés abondant de La Cité 4 La Briantais sur 
2 km. et a Vile Bizeux ; j’ai montré qu’il existe aussi 4 10 km. plus loin dans 
la Rance, a la pointe de Garo ; en 1932, je l’ai signalé au Val André, ot il est 
& peu prés évident qu’il n’existait pas (ou ne sortait pas de ses refuges) en 1913, 
date ou cette localité avait été explorée & fond par DauTzenBERG ; depuis 
lors, je l’ai retrouvé également sur le récif du Grand Léjon a Ventrée de la baie 
de Saint Brieuc. Le 7 aodt 1933, on le voyait en abondance sur la majeure 
partie de la surface de ce récif trés battu, depuis le niveau supérieur des Corallina 
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officinalis (niveau d’humectation des basses-mers de morte-eau) jusqu’au 
sommet du récif qui ne dépasse pas le niveau des pleines mers de morte-eau. 
J’avais déja visité ce récif le 18 avril 1932, et y avais soigneusement recherché 
cette espece, mais en vain. Elle n’était pas nécessairement absente, mais 
pouvait seulement n’étre pas encore sortie de ses abris hivernaux (anfractuo- 
sités). 

Plus A louest, DE BeaucHamp et Lami ont trouvé l’espece a Bréhat, sur des 
banquettes vaseuses. Dans le Finistére, on connait un certain nombre de 
gisements (voir PH. DaurzenBerG et P. H. Fiscur): Locquirec; Beg an 
Fry ; Bisayers; Duon; Estellen Bihan ; Le Conquet (Bavay, trés abondant 
sur les roches); et d’autres localités plus au sud, hors du champ de notre 
étude. 

Au Conquet, j’ai vérifié l’existence de cette espece. Elle s’y trouve dans 
des conditions d’habitat intéressantes a préciser : elle abonde depuis le niveau 
des basses mers de morte-eau jusqu’au niveau de mi-marée, sur une grande 
paroi verticale ou trés légérement surplombante, parfaitement dépourvue 
de toute anfractuosité et de tout autre abri tel que des Algues: cette paroi 
ne porte que des Chthamalus stellatus, des Patelles, et quelques Balanus perforatus. 
Le rocher est parfaitement propre, sans trace de vase. Cette station ne se 
rapporte done a aucun des deux types définis par R. Lamr dans ses notes sur 
Oncidiella celtica (1933 et 1935) : stations abritées couvertes de vase ; stations 
battues présentant des Algues qui servent d’abri. 

En Angleterre, les stations d’Oncidiella nous sont données par une note de 
F. 8. RussExy (1925): sur la céte sud de Cornouailles, ’espéce a été trouvée 
par Coucnu a Lantivet Bay (entre St. Goran et Looe) et par SPENCE BaTE 
& Whitesand Bay (entre Looe et Rame Head). F. S. Russexu l’a retrouvée 
sur la céte nord de Cornouailles, & Newquay, sur un rocher de Fistral Bay, au 
niveau de mi-marée, F. 8. RussELi pense que l’espéce doit pouvoir étre 
retrouvée en bien d'autres points. Pour ma part, je ne l’ai pas rencontrée en 
Angleterre *. 


Orrma otis Turton. 


Ce petit pulmoné présente une répartition trés sporadique, semble-t-il. 
Dans la région de Roscoff, pbk Braucuamp (1914) indique qu’il existe 4 Duon 
et a Beg-an-Fry. Ds Bravcuamp ajoute qu’il sera sans doute retrouvé ailleurs : 
les nouveaux gisements ne se révélent cependant pas vite, puisqu’en 1925 
Pu. DauTzenBeRG et P. H. Fiscurr, dans leur étude sur ‘les Mollusques 
marins du Finistére et en particulier de la région de Roscoff ’, ne citent que les 
gisements suivants: Beg-an-Fry ; Duon ; goulet de Brest (fort du Diable) ; 
archipel des Glénans. Malgré le grand nombre des stations visitées au cours 
de cette étude, je n’ai pas trouvé d’autres gisements sur la cdte frangaise. 


Mais je ne suis allé en Angleterre que d’octobre & mai, et les Oncidiella ne sont pas 
visibles en hiver. 
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En Angleterre, il semble plus abondant, au moins aux environs de Plymouth 
(voir ‘Plymouth marine fauna’, p. 276): ‘Common in empty barnacle shells 
near high*water mark on the rocks under Wed Hoe and below Laboratory : 
very abundant near high-water mark in rock crevices, etc., gregarious within 
limited areas ; Drake’s I.; cave under Ram’s Cliff Pt. ; ete. 

Je lai rencontré en une seule des stations anglaises visitées, 4 Blackstone 
Point, pres de Plymouth (1 octobre 1934). Mais 14 son abondance était telle 
qu'il était vraiment un des éléments importants de la population intercotidale, 
et c’est pourquoi il prend place dans notre étude. Les individus étaient serrés 
en une bande horizontale de quelques décimétres de haut, formant une véritable 
zone sur les rochers. Ce jour-la (période de vive-eau, au moment de la marée 
basse) cette bande était située aux environs de la limite supérieure de répartition 
de Balanus balanoides et de Patella intermedia, donc aux environs du niveau 
d’humectation des pleines mers de morte-eau. 


PURPURA LAPILLUS L. 

Existe 4 peu pres partout. Les seules stations ott ma recherche ait été vaine 
sont les suivantes: Freshwater Bay (Wight); St. Alban’s Head; Blackstone 
Point ; Tresco (Scilly). De plus l’espéce m’a semblé rare & Portland Bill et 
peu abondante a St. Agnes, Halftide Ledges (Scilly). 

En quelques stations les individus atteignent une taille particulitrement 
grande. C’est le cas & Locquirec, sur les moulieres (27 mm.) ; en divers points 
de Vile de Wight: Culver Cliff; St. Catherine’s Point; Cowes (34 mm.) ; 
a Straight Point pres Exmouth (30 mm.). 


LiTToRINA SAXATILIS Olivi. 

Abondante dans toutes les stations visitées. Son abondance m’a semblé 
inférieure 4 la normal 4 Newquay, et supérieure 4 la normale 4 Rame Head 
prés de Plymouth, et surtout a St. Catherine’s Point 4 l’ile de Wight. 


LitToRINA NERITOIDES L. 

En 1932 je m’étais peu intéressé 4 cette espéce. Mes carnets contenaient 
toutefois des renseignements fragmentaires, d’ot il semblait ressortir que cette 
espéce était mal représentée dans la partie occidentale de V’archipel anglo- 
normand, et sur les c6tes du Cotentin, et faisait totalement défaut sur les falaises 
friables du Calvados et de la Seine Inférieure ; par contre, elle était abondante 
de Saint Malo a la baie de Lannion (sauf 4 la pointe de Minard), tout au moins 
sur les points battus. : 

Depuis lors j’ai constaté qu’elle semblait faire défaut aux Ecrehou (en con- 
formité avec les données ci-dessus) et j’ai vérifié la faiblesse de sa densité 
XV ile deSercq. Dans les autres stations visitées en France l’espéce est abondante, 
particulitrement & Pen Choret (Ouessant) ou les individus sont de forte 


taille. 
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Sur la céte anglaise de la Manche, l’espéce est certainement plus générale- 
ment répandue, plus abondante en chaque station, et de plus forte taille en 
moyenne, que sur la cédte frangaise. La station de Freshwater Bay (Wight) 
est la seule oti je l’aie vainement recherchée. I] convient de remarquer qu’en 
cette station le calcaire est particulitrement tendre, trés analogue a celui des 
falaisesduCalvados. Les L. neritoides sont particuli¢rement abondants et grands 
4 St. Catherine’s Point (Wight), Portland Bill, et Lizard Point ; les plus beaux 
individus se rencontrent & Straight Point, ow ils atteignent fréquemment 7 mm. ; 
l'espéce est médiocrement abondante a St. Mary’s (Scilly) et & Newquay. 

Il est curieux de voir cette espéce mieux représentée sur la céte anglaise que 
sur la céte francaise de la Manche, étant donné que, par ailleurs, elle est particu- 
lisrement bien développé dans des régions plus méridionales telles que la 
Loire Inférieure, la c6te basque, la Méditerranée. Il ne semble pas qu’on 
puisse invoquer une action favorable de Vorientation face au sud, puisque 
Watton (1913-15) a montré que dans Cardigan Bay cette espéce ne se trouve 
pas sur les points exposés au soleil de midi. 


Genre PATELLA. 


L’étude de la répartition des Patelles ne peut étre faite iIndépendamment 
de l’étude de la systématique de ce groupe. C’est ce que j’ai montré dans un 
travail récent intitulé : ‘Systématique et biogéographie. Les Patelles d’Europe 
et d'Afrique du Nord’ (Journ. de Conchyliologie, 1935). 

Il est indispensable de résumer ici l’essentiel de ce travail, du moins pour 
ce qui concerne celles des espéces de Patelles qui habitent les c6tes de la Manche : 
Patella vulgata L., P. depressa Penn., P. intermedia Jeffr. J’ai monté que les 
coupures entre les espéces n’existent qu’en certaines régions, tandis qu’en d’autres 
régions l’existence de formes de transition permet de réunir ces espéces, 

Sur la céte francaise de la Manche, les 3 espéces sont parfaitement distinctes, 
ainsi que l’avait montré PH. DauTzENBERG, et ainsi que je l’ai vérifié sur de 
nouvelles données, anatomiques et écologiques. 

Les régions ol ces espéces deviennent peu distinctes ou indistinctes sont, 
dune part la région basque, située hors du champ de notre étude, d’autre 
part la région de Vile de Wight, qui nous intéresse directement. 

On passe dailleurs progressivement, sur la céte anglaise, d’un régime de 
séparation entre les 3 especes (observable en Cornouailles) au régime de confusion 
qui existe & Tile de Wight. Voici ce que j’ai écrit & ce sujet en 1935 (p. 46) : 
‘De Plymouth & Newquay, ainsi qu’aux iles Scilly, les Patelles sont de déter- 
mination facile. Onretrouve les mémes formes qu’en Bretagne, leur distribution 
dans le sens vertical est la méme, et la radule (que je n’ai étudiée qu’au point 
de vue de sa longueur, et dans les seules localités de Rame Head, Looe, et 
Saint-Goran) donne les mémes moyennes qu’a Saint-Malo. A l’est de Plymouth 
il n’en est plus de méme. Des la région de Start Point, & Prawle Point, la 
variabilité des caractéres des Patelles est plus forte. Les longueurs des radules 
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donnent les mémes moyennes qu’a Saint-Malo; mais certaines P. depressa 
ont quelques caractéres de P. intermedia et inversement ; en outre P. depressa 
dépasse quelque peu son niveau habituel. 

“Ces faits ne s’accentuent pas beaucoup dans Lyme Bay (Brixham, Straight 
Point, Lyme Regis), mais ils reparaissent & Portland Bill, et avec plus d’ampleur, 
sans qu’on puisse encore y établir de séries continues entre les especes. Enfin, 
a Vile de Wight, on est frappé dés l’abord par le caractére désordonné des Patelles, 
au point de vue de leurs traits spécifiques comme au point de vue de leur 
habitat. (P. depressa se trouve jusqu’au niveau d’humectation des pleines mers 
de morte-eau, comme sur la céte basque.) C’est & Culver Cliff, & Saint 
Catherine’s Point, et encore mieux 4 Freshwater Bay, qu’il m’a été donné 
de constater ces faits. . 

‘Beaucoup d’individus sont d’une détermination trés embarrassante. Il 
existe tous les intermédiaires entre des individus ne montrant pas de papilles 
et des individus 4 papilles blanches bien apparentes ; la costulation externe, 
la coloration et le revétement nacré de la face interne peuvent étre franchement 
intermédiaires entre P. intermedia et P. depressa, ou entre P. vulgata et 
P. depressa. Toutefois, je n’ai pas réussi & constituer une série continue 
d’individus formant le passage insensible entre P. vulgata et P. depressa. Par 
contre, j'ai pu constituer une série reliant P. intermedia et P. depressa, mais 
cela a nécessité un travail ardu, tant lors de la récolte que lors de l’examen de 
la collection. Les faits observés a Vile de Wight n’auraient peut-étre pas suffi 
a m’imposer la conclusion ferme d’une continuité entre les 3 espéces: c’est 
la connaissance, acquise ensuite, des Patelles de la cote basque, qui me 
permet de n’avoir pas le moindre doute a ce sujet ’. 

Tl nous faudra tenir compte de ces faits, dans la description, que je vais 
aborder maintenant, de la répartition de chacune des trois espéces. Cette 
description ne concerne que ceux des individus observés qui sont franchement 
déterminables : donc, de Newquay a Plymouth, elle concerne tows les individus 
observés, mais, de Start Point 4 Wight, elle laisse de cdté une partie des individus, 
ceux qui ont des caracteres de transition entre espéces. 


PATELLA DEPRESSA Pennant. 


On sait que cette espéce se rencontre sur les points battus ou soumis aux 
courants. Elle habite les flaques jusqu’A un niveau élevé, et se fixe aussi 
sur les rochers exondables : mais 14 son habitat est limité aux régions basses 
(sous le niveau d’humectation des basses mers de morte-eau), sauf dans les 
contrées ou cette espéce se relie aux autres : on trouve alors des individus jusqu’au 
niveau d’humectation des pleines mers de morte-eau. 

Sur la cote francaise, je l’ai trouvée en tous les points battus visités dans la 
région armoricaine, d’Ouessant aux fles Saint Marcouf incluses. Plus a l’Kst, 
de Grandcamp-les-Bains au cap d’Antifer (Cauville) elle semble faire défaut ; 
la nature tendre de la roche, le profil d’érosion rectiligne des cétes, la tranquillité 
relative des eaux dans la baie de Seine, font qu’il n’y a pas 1a de caps vraiment 
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battus ; les niveaux bas en particulier sont peu battus, en raison de la faible 
pente que la gréve y présente. 

Sur la céte anglaise, elle existe presque partout en abondance. Deux 
stations font exception. D’une part, je ne l’ai pas trouvée sur les calcaires 
tendres de Newhaven, pas plus que je ne l’avais trouvée sur les cétes tendres 
du Calvados et de la Seine Inférieure ; d’autre part, elle est tres peu abondante 
a Lyme Regis : en cette station constituée par des roches tendres, je la cherchai 
d’abord vainement ; mais ayant pu au moment de la marée basse m’avancer 
jusqu’a l’extrémité d’une partie rocheuse nettement plus avancée que les autres, 
et qui était la seule partie de la gréve recevant des vagues d’une certaine force, 
j’y ai récolté quelques individus. Cette observation montre bien que c’est 
la force des vagues, et non pas le degré de cohésion de la roche, qui est le facteur 
essentiel commandant la présence de cette espéce. 


PATELLA VULGATA L. 


Répartition dans le sens horizontal.—C’est de beaucoup la plus répandue 
des 3 espéces dont nous nous occupons ici. En 1932, je la signalais ‘ partout, 
sur les rochers abrités comme sur les rochers battus, sur les rivages du bassin 
parisien comme sur ceux de la région armoricaine’’. Il en est de méme dans 
les nouvelles stations visitées en France et en Angleterre. 

Répartition dans le sens vertical—En 1932 j’ai signalé quelques localités 
ou Pespece n’occupe pas la totalité de son aire de répartition verticale : a4 Grand- 
camp et a lile de Terre de Saint Marcouf, elle ne dépasse pas, vers le haut, 
le niveau d’humectation des pleines mers de morte-eau ; & Bréhat (phare du 
Paon) et & Cancale (Pointe du Grouin), au contraire, elle n’est abondante 
qu’au-dessus de ce niveau, et est rare ou absente au-dessous. Je n’ai qu’un 
seul fait & ajouter 4 ces données de détail : & Saint Alban’s Head (ile de Wight), 
Pespeéce est cantonnée, comme & Grandcamp et Saint Marcouf, au-dessous du 
niveau d’humectation des pleines mers de morte-eau. 

J’ai parlé, en 1932, de la forme conica Brown de Patella vulgata, forme que 
LocarD avait cru pouvoir élever au rang d’espéce sous le nom de Patella 
hypsilotera. J’ai donné des arguments pour soutenir qu’il s’agit d’une déforma- 
tion due & un habitat élevé, déformation qui peut également atteindre l’espéce 
voisine P. intermedia, en certaines localités. Cette question a été étudiée 
plus complétement par ORTON (1933) et par Moore (1934) tant par des observa- 
tions faites dans la nature que par des expériences de laboratoire. Je renvoie 
a ces trés intéressants travaux qui montrent le réle morphologique important 
des conditions écologiques. Cette question est d’un gros intérét, car les Patelles 
sont considérées par OrToN (1929), et par moi-méme pour d’autres raisons 
(1935), comme étant en cours d’évolution. 


PATELLA INTERMEDIA Jeffreys. 


Sur la portion des cétes frangaises étudiée en 1929, Patella intermedia présente, 
en gros, la méme répartition que Patella depressa : il est généralement présent 
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sur les rives dures de la région armoricaine. Toutefois, il est moins exigeant 
que P. depressa au point de vue des mouvements de Veau, et vis-a-vis de 
Pémersion : il remonte jusqu’au niveau d’humectation des pleines mers de 
morte-eau. 

Par ailleurs, sa répartition de détail, dans la région armoricaine, est nettement 
moins réguliére que celle de P. depressa et P. vulgata : son abondance est assez 
variable d’un point & un autre. II fait défaut au Chateau de Montorgueil 
(Jersey), et aux jles Saint Marcouf, ot cependant GADEAU DE KERVILLE l’avait 
trouvé autrefois et le considérait comme commun. II est particulitrement 
peu abondant a la Pointe Corbiére (Jersey), 4 Chausey (roche Corbiére), & Saint 
Germain-sur-Ay, @ la pointe de Granville ; il est particulitrement abondant 
(abondance supérieure ou égale 4 celle de P. vulgata) sur les divers points 
battus de la céte nord du Cotentin; a la Pointe du Grouin (Cancale); au 
Val André; a Pordic; 4a Brehat (phare du Paon). Je n’ai pu expliquer ces 
faits d’apparence capricieuse. 

Les observations nouvellement effectuées, aux Ecrehou, dans le Finistére 
et en Angleterre, donnent également des résultats trés irréguliers. Je les ai 
portés sur la carte no. 18. Dans lVespoir de rendre ces faits moins obscurs, 
je me suis efforcé de faire ressortir, par des contours en traits interrompus, 
des ‘régions’ ott l’abondance de l’espéce est, soit supérieure, soit inférieure 
a la normale. Que nous apprend cette carte, en dehors, de l’existence d’une 
région d’‘ abondance nulle’ dans la baie de Seine, dont la raison d’étre se 
laisse deviner (cdéte trop tendre et trop protégée) ? Elle met en évidence une 
région d’abondance forte sur la c6te nord du Cotentin, une région d’abondance 
faible s’étendant de Jersey a Granville, et, surtout, elle nous apprend que 
Vespéce fait totalement défaut aux iles Scilly et a Vile d’Ouessant *. Ces derniers 
faits sont les seuls qui parlent aux yeux, en raison de la position symétrique 
de ces iles. Mais leur raison d’étre ne m’apparait pas. Encore moins puis-je 
expliquer les nombreuses irrégularités de détail qui s’observent tout le long 
des cétes ; elles ont une allure vraiment capricieuse. 

La question en resterait 1a, si je ne m’étais trouvé, aprés exécution des cartes 

de répartition, comparer la carte no. 18 (Patella intermdia) avec la carte no. 12 
(Actinia equina): je me suis alors apercu qu'il semblait exister un certain 
balancement entre les variations d’abondance de ces deux espéces. Le fait 
le plus frappant ressort de l’examen de I’ile d’Ouessant et des iles Scilly, ou 
Actinia equina est trés abondant (sur les points battus) alors que Patella inter- 
media y fait défaut. Mais en bien d’autres stations on trouve des faits équi- 
valents. Les plus saillants de ces faits sont ceux qui apparaissent (voir les 
cartes) 4 Brehat (no. 42), 4 Cancale (no. 53, pointe du Grouin), et dans les deux 
groupes de stations de Lizard Point et Pennance Point (no. 10 et 11), et de 
Rame Head et Blackstone Point (no. 14 et 15). 


* Je rappelle que je ne parle que des points battus. A Ouessant j’ai trouvé des 
P. intermedia dans le fond de la baie de Lampaul. 


RAPHIE INTERCOTIDALE 


] 


x 


2 


DR. E. FISCHER-PIETTE SUR LA BIOGEOG 


52 


) 


= 


Sf la 


ajjnu aguepuog A 
3/q/B aguepuogy A 


@/EUJOU 2IUeDUOg y A —=02 


: a : #-<\\) NiNvssanad ‘| 
ajJO4 aQUEDUOGY A Pe : eae 2 
VIGSWAYSLNI VITSLVd | 


GAA bse B id 
Tay cE Ae 
gh A B’ac ve 
o 6E 
2 
ie 
N 
2 #2 
10} 
3 6 Ss} ATNOS 
ut ® Ool~w Oe 
fo) m Do, \ Zz ne 
tee DOE co ae eae 
= ap ys8 ‘i ( /& vA eee) 
| AEA ef \ e } 
€2 02 YW PS q Lom 8 \ i 
| ae She oy 


DES DEUX RIVES DE LA MANCHE 


253 


5 ; ; 
Si nous examinons d’une fagon plus complete les diverses portions des cdtes, 
nous pouvons établir le parallélisme suivant : 


Nos ee Abondance de Abondance de | 
Patella intermedia. Actinia equina. 
para res Tles Scilly. Nulle. Trés forte. | 
Sea me careuers Newquay a Zennor. Normale ou forte. Faible. | 
pte e itn, Cape Cornwall. Faible. Normale. 
OMe Mduet Carn Du Point. Normale. Nulle. 
| 10 et 11 Start Point et Pennance | Faible. Trés forte. 
Point, 
12 & 23 .| De St. Goran a Normale ou forte. Normale, ou faible, 
St. Catherine’s Pt. ou nulle. 
De he dere tots Culver Cliff. Normale. Forte. 
25 a 30 Ouesgant. Nulle. Trés forte. 
eh Menrayatesse Ar ee. Le Conquet. Normale. Normale. 
Dee orate eas 6 Tremazan. Nulle. Nulle. 
33 a 53 De Pontusval au Grouin | Normale ou forte, Normale, ou faible, 
(Cancale). ou nulle. 
54 4 63 Granville, Chausey, St. Ger- | Normale, ou faible, | Trés forte, ou forte, 
main, les Ecrehou, Roches ou nulle. ou normale. 
Douvres, ete. 
64 a 76 Sereq, Aurigny etc., cdte | Normale ou forte. Nulle, ou faible, ou 
nord du Cotentin. | normale. 
HEM sete toy sess jles St. Marcouf. | Nulle (en 1930). Paible. 
78 a 85 De Grandcamp a Fécamp. Nulle. Normale. 


Ce tableau nous montre que, partout out l’on voit une des espéces présenter 


une abondance anormalement forte ou faible, l'autre espece a une abondance, 
soit normale, soit opposée. Il n’existe que deux exceptions, deux stations 
ou l’anomalie se produise dans le méme sens pour les deux espéces: c’est, 
d’une part, la station de Tremazan, ot toutes deux font défaut ; et d’autre 
part, les iles Saint Marcouf, ou. Actinia equina est rare et ou P. intermedia 
fait défaut (en 1930 ; il y était abondant en 1894, d’apres GADEAU DE KERVILLE), 

Si nous admettons que ces exceptions (2 stations sur 85) sont négligeables 
et que l’ensemble des autres faits nous permet de parler d’un balancement 
entre les deux espéces, nous sommes amenés 4 penser que les distributions 
de ces deux espéces ne sont capricieuses qu’en apparence, puisque ces distribu- 
tions paraissent liées dans une certaine mesure. Elles ne sont évidemment 
pas liées directement: il n’y a aucune raison de penser que la présence de 
P. intermedia défavorise Actinia, ou inversement. Mais il est vraisemblable 
que leur liaison, indirecte, consiste en ceci, qu il existe un facteur commun 
de répartition, agissant a la fois sur les deux espéces mais dans des sens opposés. 
La nature de ce facteur m’échappe jusqu ici, mais la question se trouve abordée 
et on peut espérer qu'elle sera éclaircie un jour, 
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Ainsi, on voit que Jorsqu’on se trouve en présence de faits de distribution 
d’allure capricieuse, il ne faut pas renoncer a essayer d’expliquer ces caprices. 
Il y a, au contraire, intérét 4 décrire le plus complétement possible ces distribu- 
tions capricieuses, sur une étendue de cétes aussi grande que possible. En 
confrontant les résultats obtenus en diverses régions, et en confrontant les 
résultats concernant diverses espéces, on peut arriver 4 poser clairement les 
problémes, en attendant de pouvoir les résoudre. 


Myrtiuvs EDULIS L. 

La distribution de Mytilus edulis se trouve inscrite dans la carte ci-contre 
(fig. 19). Il faut préciser le sens des expressions employées dans la légende 
de cette carte. 

Je dis que l’abondance des Moules est insignifiante ou nulle lorsque des 
recherches minutieuses effectuées 4 la gréve ne permettent de récolter qu’un 
nombre restreint d’individus, ou méme aucun. 

Abondance trés faible signifie que les Moules, dans la station considérée, 
peuvent étre récoltées en nombre élevé & condition de consacrer a cette recherche 
un temps considérable. Dans ce cas, les Moules sont généralement réfugiées 
au fond des fentes, ou trés dispersées sur la roche, et on ne découvre leur présence 
qu’en examinant la roche de trés prés. 

L’abondance faible est celle qui se constate dans des stations oti les Moules 
se voient sans peine, mais ne forment encore que des groupes trés peu nombreux, 
généralement localisés dans les fentes. 

L’abondance moyenne consiste en ce que les Moules sont trés nombreuses 
dans les fentes ou dépressions de la roche, qu’elles comblent entiérement, mais 
ne s’étendent guére hors de ces fentes, sur les surfaces convexes ou simplement 
planes. 

L’abondance est grande lorsque de grandes surfaces rocheuses, ou des cailloux 
entiers, sont recouverts d’un véritable encroitement de Moules. 

Enfin j’emploie le qualificatif extréme pour la seule station de Locquirec 
ou les encroitements formés par les Moules sont d’une étendue exceptionnelle. 
Ce fait avait déja frappé pe Braucnamp (1914) qui a publié une photographie 
montrant le revétement de moules, qui s’étend méme (fait exceptionnel) aux 
points semi-abrités ot elles sont entremélées avec les Fucus. En outre, ces 
moules sont de belle taille (55 mm.) et Vaspect lisse de leur test montre qu’elles 
ont une croissance rapide. 

Donnons quelques détails sur les diverses régions étudiées : 

Dans la région des cétes frangaises comprise entre Fécamp et Lannion, 
la carte reproduit la fig. 16 du travail de 1932, en y ajoutant la localité des 
Kerehou. Je rappelle que les traits essentiels de la répartition établie a ce 
moment, consistent en l’existence d’une vaste ‘région de raréfaction ’ com- 
prenant l’archipel anglo-normand et le nord du Cotentin, et en une augmentation 
trés graduelle de l’abondance lorsque, quittant cette région, on se dirige vers 
les baies (baie de Saint Brieue et de Saint Malo, baie de Seine) qui constituent 
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des ‘régions d’abondance ’. Cependant, depuis cette époque, cette région 
a vu se produire des modifications dans ’abondance des Moules. J’ai décrit 
ailleurs (1935) la multiplication des Moules dans la région s’étendant de Granville 
4 Brehat, puis la régression de ces Moules sous I’influence d’interactions faisant 
entrer en jeu Purpura lapillus et Balanus balanoides. 1 ’état actuel reproduit 
sensiblement l’état ancien; toutefois, les Moules sont certainement moins 
rares actuellement (1935) dans les iles anglo-normandes qu’elles ne l’étaient 
en 1929-1931. En certaines stations de Guernesey et de Sercq, on aurait 
tendance & passer de l’abondance insignifiante & labondance trés faible. Les 
changements constatés ne vont toutefois pas jusqu’é imposer une modification 
de la ligne d’iso-abondance séparant les degrés 0 et 1. 

Dans le Finistére, certaines stations donnent lieu 4 des remarques particu- 
ligres. Nous avons déja parlé plus haut de la station de Locquirec. 


A Primel, les moules emplissent les fentes et en débordent souvent. Elles sont plus 
petites qu’a Locquirec : taille maxima 46 mm. 

A Vile de Batz (extrémité Ouest), les Moules, de petite taille (maximum 35 mm.) présentent 
une certaine abondance, mais sont strictement localisées dans des fentes sauf sur un certain 
groupe de rochers situés vers le sud, oti elles couvrent de grands pans de roche tournant 
le dosalamer. Dés qu’on quitte l’extréme pointe, les Moules se raréfient considérablement. 

A Pontusval, je n’ai pu trouver en seul exemplaire de cette espéce. 

A Tremazan ce n’est qu’a l’endroit le plus exposé qu’on trouve des Moules, fort petites 
(maximum 30mm.). Il y ena a tous les niveaux | a 5 par métre carré, soit dans les fentes, 
soit disséminées sur les surfaces planes comme & Carteret. 

Au Conquet, elles sont localisées dans des fentes, par groupes de quelques dizaines. 
Taille maxima 30 mm., forme trés gibbeuse; elles n’existent qu’en une seule région, 
immédiatement au nord de la pointe. 

A Ouessant, la répartition des Moules est portée sur la carte no. 15. Les individus 
qu’on trouve a Ouessant sont tous de petite taille, principalement & Enez Nein, Le Creac’h 
et surtout & Ar Bachou ot on ne pourrait récolter que quelques individus. A Toul Cheller 


et Yuzin, je n’en ai vu aucun. 


En Angleterre, nous observons les faits suivants : 


A Newhaven, les Moules sont en grande abondance, elles couvrent beaucoup de rochers 
et sont de belle taille : fréquemment 52 mm 

A Culver Cliff je n’en ai pas trouvé. 

A Sainte Catherine’s Point, quelques petites Moules dans des fentes. 

A Freshwater Bay, je n’en ai pas trouvé, ni & Saint Alban’s Head. 

A Portland Bill, on trouve quelques Moules trés petites (taille maxima 15 mm.) localisées 
dans quelques fentes. Elles étaient un peu moins rares en 1934 qu’en 1932. 

A Lyme Regis, les Moules paraissent faire défaut. : 

A Straight Point, AtLEN (1900-1903) a signalé labondance des Moules & Orecombe 
Rocks: ‘ Young, very common’. C’est également ce que j’ai constaté: en septembre 
1932, les Moules y étaient trés abondantes, mais surtout sous forme de naissain. Les 
exemplaires plus agés qui, d’ailleurs, ne dépassaient pas 20 mm. étaient localisés dans les 
fentes. Pour classer ce degré d’abondance j’hésite entre les catégories ‘ moyenne * (no. 3) 
et ‘ grande’ (no. 4). 

A Brixham, les Moules sont assez rares (20 par métre carré), petites et localisées dans 
Jes fentes. Leur abondance se situe a la limite des degrés 1 et 2, 


” 
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A Prawle Point et & Blackstone Point, on n’en trouve que quelques-unes, au fond de 
certaines fentes. 

A Rame Head, les Moules sont rares & la pointe méme (quelques petits individus dans 
les fentes) et assez abondantes, sous forme de naissain, sur les rochers situés au début 


de la plage de Whitesand Bay. Si l’on prend une moyenne pour l’ensemble de la station, 
on peut qualifier leur abondance ‘ faible ’. 

A Looe, on ne trouve que de rares individus localisés dans les fentes. 

A Saint Goran, l’abondance est trds grande sur certains rochers, médiocre ailleurs. 
La taille est élevée : 45 mm. 

A Pennance Point, les Moules, qui ne dépassent pas 40 mm. sont localisées dans des 
fentes qu’elles garnissent entiérement. En outre, j’ai trouvé un naissain trés abondant 
revétant entiérement certains cailloux: ici comme & Straight Point, ’abondance se situe 
entre les degrés 3 et 4. 

A Lizard Point, on trouve difficilement de petites Moules dans des fentes. 

A Carn-Du Point, elles emplissent certaines fentes. Taille 20 mm., maximum 
27 mm. 

Aux iles Scilly, les Moules m’ont paru faire défaut, sauf & Tresco (pointe Nord-ouest) 
ou on trouve | individu pour 2 ou 3 métres carrés, et & Halftide Ledges ot les individus, 
trés petits (18 mm.) sont d’une extréme rareté. ; 

Au Cape Cornwall, abondance trés faible : individus isolés, réfugiés dans des fentes. 

A Zennor, des Moules de taille médiocre remplissent certaines fentes. 

A Navax Point, & Newquay, & Trevose Head, l’abondance est grande, les Moules em- 
plissent les fentes et débordent sur les parois planes. Leur abondance s’accroit réguliére- 
ment d’une station 4 l’autre, ainsi que leur taille (25 mm. & Navax Point, 40 mm. & Trevose 
Head). 


Avant de passer & la discussion de cette répartition, je rappelle que, dans la 
discussion effectuée en 1932 pour la région Fécamp-Lannion, j’avais laissé 
de cété les résultats concernant la baie de Seine. En effet, tandis que la région 
armoricaine me montrait une répartition trés graduée, les cétes calcaires ou 
marneuses de la baie de Seine montraient des phénomenes d’une allure 
absolument différente: on y constate des irrégularités extremes, les Moules 
y étant surabondantes en certains points, totalement absentes en d’autres. 
On peut penser @ priori que l’explication de ces faits sera beaucoup plus laborieuse 
que celle des faits concernant la région armoricaine, c’est pourquoi je m’étais 
limité & l’étude de cette derniere région. 

Par analogie, en Angleterre, je laisserai actuellement de cété l'étude des 
portions de céte constituées par des calcaires tendres ou des marnes, ce’ est-a-dire 
la station de Lyme Regis d’une part, la région située 4 Est de Saint Alban’s 
Head d’autre part. 

Ces réserves étant faites, considérons l’ensemble de la répartition telle que 
la montre la carte no. 19. Nous pouvons exprimer cette répartition par des 
phrases qui reproduisent 4 peu prés textuellement celles que nous avons employées 
pour Balanus perforatus ; d’ailleurs l’analogie des cartes de répartition de 
Mytilus edulis et de Balanus perforatus est des plus évidentes (comparer carte 
19 et carte 13). 

En France, nous constatons que la région de La Hague et des iles anglo- 
normandes n’est pas le seul “ centre de raréfaction’ de lespece, L’extrémité 
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de la cote nord du Finistére (Pontusval, Tremazan), et la partie nord d’Quessant, 
ecnstituent une autre région défavorable ou les Moules sont & la fois rares et 
petites. 

De inéme la baie de Saint Brieuc et de Saint Malo n’est pas la seule région 
de grande abondance: on l’observe aussi dans la baie de Lannion, ou cette 
abondance atteint méme un degré extréme. Dans ces baies, la taille des 
Moules est élevée. 

De l’abondance de la baie de Lannion 4a la rareté de langle N.-O. du 
Finistére, on passe par des transitions assez graduelles, quoique moins graduelles 
que celles qui s’observaient dans la région normano-bretonne ; dans la région 
d’Ouessant, le passage inverse se fait sur une courte distance, qui a nécessité 
l’établissement d’une carte a plus grande échelle (fig. 15). 

En Angleterre, la répartition s’exprime de la méme fagon qu’en France si 
toutefois on laisse de cété la station de Looe qui forme exception. On peut dire 
que les régions de faible abondance sont des régions ot les cétes sont en saillie : 
ensemble Cape Cornwall—Lizard Point ; Iles Scilly; Start Point; région de 
Portland Bill et Saint Alban’s Head. Inversement, les régions de grande abon- 
dance sont des parties rentrantes de la céte : Lyme Bay; baie de Falmouth— 
Plymouth (Looe excepté) ; et le long de la céte nord de Cornouailles ot Pabon- 
dance s’accroit progressivement lorsqu’on s’éloigne du Cape Cornwall. 

En Angleterre comme en France, les Moules sont mal développées 1a ot elles 
sont rares, et souvent de belle taille la ot elles sont abondantes (ce n’est toute- 
fois pas le cas & Straight Point ni 4 Pennance Point). 

La recherche des facteurs, vraisemblablement simples, qui président 4 une 
répartition aussi réguliére, doit pouvoir aboutir. Pour ma part, je n’ai d’ailleurs 
pas abouti. Je pense que ce probleme devra étre traité parallélement avec 
celui de la répartition de Balanus perforatus. Car les répartitions de ces deux 
espéces, trés analogues mais non superposables, font penser a des réactions 
spécifiques similaires vis-A-vis d’un méme facteur. 


ANOMIA EPHIPPIUM L. 


Cette espece est généralement trés peu abondante sur les rochers de la zone 
des marées. Mais j'ai montré en 1932 qu'il existe une région ot elle prend une 
importance bionomique qui peut aller jusqu’a la surabondance : ¢’est la région 
de Saint Brieuc. L’abondance est d’autant plus forte que l’on pénétre plus 
profondément dans la baie, soit le long de l’une ou l’autre céte, soit en venant 
des iles anglo-normandes et en passant par le récif du Grand Léjon. La carte 
que j ai dressée, et qu’on voudra bien consulter, montre qu’il y a encore une 
certaine abondance dans la baie de Saint Malo, mais que le processus s’éteint 
en arrivant a la pointe du Grouin (Cancale). 

Je rapprochai le cas de Anomia ephippium, de ceux de Hymeniacidon sanguinea 
et de Pomatoceros triqueter, qui eux aussi présentent leur maximum d’abondance 
en certaines baies. Ces trois espéces étant de celles pour lesquelles j’avais 
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admis en 1929 (thése) que leur répartition de détail était sous l’influence d’une 
action favorisante des matiéres organiques en dissolution ou en suspension, 
je suggérai de chercher de ce cété l’explication de ces faits de répartition. 

Depuis lors diverses observations sont venues confirmer la préférence de 
Anomia ephippium pour les baies. 

Jitons d’abord le résultat des dragages entrepris systématiquement dans 
la région normano-bretonne (A. Grove et E. Fiscupr-Pierre, 1934); ils 
montrent que, a profondeur égale, les fonds sont beaucoup plus riches en Anomia 
dans les baies et devant les baies (baies du Mont Saint Michel, de Saint Malo, 
de Saint Brieuc), que devant les caps et parties saillantes des cétes (Le Grouin 
et Rothéneuf ; cap Fréhel ; région de Paimpol). 

D’autre part, une étude de la céte basque (1935) m’a montré que l’espéce y 
colonise la zone des marées dans la rade de Saint Jean de Luz, en compagnie 
de Pomatoceros triqueter. 

Enfin, j’y ajouterai les nouvelles observations suivantes : 

Sur les rivages de la baie du Mont Saint Michel, j’ai pu constater la présence 
de Anomia ephippium sur les rochers de la zone des marées, en abondance 
notoire, d’une part 4 Cancale (pointe du Hoc, au sud de la pointe du Grouin), 
d’autre part 4 Saint Pair au sud de Granville. On ne peut malheureusement 
pas étudier 4 ce point de vue le fond de la baie, car les quelques stations rocheuses 
qui y existent ne descendent pas jusqu’au niveau ol puissent s’implanter les 
Anomies (& partir du niveaux d’humectation des basses mers de morte-eau). 

Dans les autres stations visitées récemment (Les Ecrehou ; Finistére ; Angle- 
terre), je n’ai remarqué nulle part la présence des Anomies dans la zone des 
marées, sauf 4 Brixham ot elles se trouvent a découvert, en faible abondance. 

Brixham se trouve dans une baie (Lyme Bay) et ce nouveau fait concorde 
avec les précédents. Toutefois, l’abondance des Anomies dans les baies n’est 
pas un fait général, puisque je ne l’ai notée ni dans la baie de Lannion ni dans 
celle de Falmouth. 


REPARTITION VERTICALE. 


ORDRE DES RESISTANCES SPECIFIQUES A L’EMERSION. 


Un travail comme celui-ci, comportant V’examen d’un grand nombre de 
stations, donne l’occasion de compléter dans quelque mesure nos connaissances 
sur la succession verticale des espéces littorales. 

J’ai indiqué ailleurs (1929 et 1932) les raisons pour lesquelles je crois devoir 
étudier d’abord et surtout, les limites swpériewres de répartition verticale de 
chaque espece, qui sont généralement bien tranchées, tandis que j ‘accorde 
(jusqu’ici) beaucoup moins d’importance aux limites inférvewres qui sont 
généralement assez vagues. : 

Je me limite 4 l’étude des individus situés dans des conditions bien définies : 
sur une surface rocheuse réguliére, verticale ou fortement inclinée, dépourvue 


d’algues ou ne portant qu'une végétation clairsemée. 
; | ; 19% 
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est ici occasion de rappeler et de préciser quelle est la nature des divisions 
que l’on peut, & mon avis, reconnaitre dans la zone des marées. 

Nous reconnaissons des zones cotidales, et des zones bionomiques, et nous 
nous efforgons d’étudier les correspondances des unes avec les autres. 

Les zones cotidales seront délimitées par les niveaux remarquables de la 
marée: niveaux supérieurs, moyens et inférieurs, des diverses catégories de 
marées, hautes et basses, en vive-eau et en morte-eau. Ce n’est qu’en eaux 
calmes que ces niveaux ont en eux-mémes un intérét pour le naturaliste. Sur 
une cdte battue, la vague et ’embrun mouillent la roche (et les organismes) 
& des niveaux plus élevés. Aussi ai-je proposé (1934) de considérer, en eau 
agitée, les niveaux moyens d’hwmectation (exemple : niveau d’humectation des 
pleines mers de morte-eau), qui surmontent les niveaux cotidaux correspondants ; 
quant A la zone des marées, elle serait alors incluse dans une ‘ zone de va-et- 
vient de l’eau de mer ’, ou ‘ zone des fluctuations de la mer ’. 

De méme, Cotman a considéré, dans une étude locale parue en 1933, que 
les niveaux donnés par Vannuaire devaient étre augmentés d’une quantité 
déterminée en raison de l’existence de la ‘splash zone’. A Wembury Bay, 
prés Plymouth, il fixe 4 0 m. 60 le décalage a apporter de la sorte a l’échelle 
des marées. 

Voyons maintenant les zones bionomiques. Chacun des organismes littoraux 
ayant son extension limitée vers le haut et vers le bas, possede donc nécessaire- 
ment une zone d’habitat. Ce terme de zone, parfaitement correct lorsqu’on 
Vapplique a une espece donnée, devient dangereux quand on l’applique 4 un 
ensemble d’organismes, et plus encore quand on essaie de diviser habitat 
cotidal en ‘ zones bionomiques ’ superposées. Les diverses zones bionomiques 
ne se superposent que dans notre imagination ; en réalité, elles empietent les 
unes sur les autres de la fagon la plus enchevétrée. Le fait que divers auteurs 
aient décrit des zones bionomiques superposées (ol. par conséquent la limite 
inférieure d’une zone coinciderait avec la limite supérieure de la zone sous- 
jacente), prouve, 4 mon sens, que ces auteurs ont inconsciemment ressenti la 
difficulté de reconnaitre sur le terrain les limites inférieures des zones bionomiques 
(presque toujours trés vagues et irréguliéres, comme je I]’ai dit plus haut), et 
les ont alors instinctivement arrétées au niveau de limites swpérieures d’autres 
organismes, bien nettes celles-la. Je crois qu’il est mauvais de se faire ainsi 
illusion & soi-méme, et qu’il est préférable de donner ouvertement la préférence 
aux limites supérieures (dans la majorité des cas). Par exemple, pour situer 
le niveau bionomique ot on aura fait une observation donnée, on dira: ‘ entre 
la limite supérieure de répartition de telle espéce, et celle de telle autre espéce ’. 

Il est done essentiel de reconnaitre dans quel ordre se succédent les limites 
supérieures de répartition. En 1929, j’ai établi de mon mieux cet ordre de 
succession pour diverses espéces, celles des milieux calmes principalement. 
En 1932, j’ai fait de méme pour diverses especes fixées sur les points battus 
Je vais maintenant compléter les données de 1932, puis les réunir a celles de 
1929 en un tableau d’ensemble avec la correspondance des niveaux bionomiques 
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et des niveaux cotidaux (niveaux d’humectation, qui en eau calme coincident 
avec les niveaux cotidaux proprement dits). 

Je dirai d’abord que dans le travail local de CoumMAN (paru en 1933) je trouve 
une confirmation et des compléments aux résultats généraux que j’avais donnés 
en 1929 et 1932. Pour celles des espéces dont je m’étais déja occupé et dont 
CoLMAN s’occupe 4 son tour, l’ordre de succession qu’il donne, et la correspondance 
avec les niveaux cotidaux, confirment assez exactement mes résultats. I] y a 
quelques petites différences qui tiennent, & mon avis, au fait que l’étude de 
CoLMAN ne porte que sur une seule station: ce sont des irrégularités locales. 
Mais le travail de Couman donne en outre des renseignements sur des espéces 
dont je ne me suis pas occupé. On s’y reportera donc avec fruit pour compléter 
le tableau que je donne ci-dessous. On pourrait aussi le compléter avec les 
données que j’ai publiées relativement a la céte basque (1935). 

Indiquons les faits concernant les deux espéces qui n’avaient pas été étudiées 
dans le travail précédent : 

Alaria esculenta. Sa limite supérieure de répartition coincide sensiblement 
avec celle de Laminaria flexicaulis. 

Pollicipes cornucopiae a sa limite supérieure légerement au-dessous de celle 
de Mytilus edulis et Gibbula umbilicalis, et bien au-dessus de celle de Laurencia 
pinnatifida et Balanus perforatus; elle se situe franchement au-dessus du 
niveau moyen d’humectation. 

Donnons maintenant lVordre dans lequel on voit apparaitre les espéces 
sessiles, lorsqu’on traverse la zone des marées dans le sens descendant. Je 
laisse de cété Xanthoria parietina, espece terrestre, qui pénetre dans la zone 
des marées et se trouve done étre le premier organisme abondant que l’on 
apercoive au cours de cette descente : 


1. Caloplaca marina et Verrucaria maura, la premiere de ces deux espéces 
dépassant généralement la seconde. 
2. Lichina confinis ; Littorina saxatilis ; Littorina neritordes. 
3. Enteromorpha compressa. 
4. Pelvetia canaliculata, Catenella opuntia, Chthamalus stellatus. 
5. Lichina pygmaea, Patella vulgata. 
6. Fucus platycarpus, T'rochocochlea lineata. 
7. Fucus vesiculosus, Ascophyllum nodosum, Balanus balanoides, Patella 
intermedia. 
8. Rivularia bullata. 
9. Actinia equina, Purpura lapillus, Gibbula umbilicalis, Mytilus edulis. 
10. Pollicipes cornucopiae. 
11. Laurencia pinnatifida, Balanus perforatus. 
12. Dendrodoa grossularia, Curcinalium concrescens. 
13. Halicondria panicea. 
14. Hymeniacidon sanguinea. 
15. Bowerbankia imbricata. 
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16. Rhodymenia palmata, Lithothamnium lenormandi, Corallina officinalis, 
Leathesia difformis (été), Raspailia ramosa, Vibulinus rigidus, Pomatoceros 
triqueter, Patella depressa, Anomia ephippium, Distomus variolosus. 

17. Codium tomentosum, Bifurcaria tuberculata, Himanthalia lorea, Chondrus 
Crispus. 

18. Laminaria flexicaulis, Alaria esculenta, Cystoseira ericoides, Lithophyllum 
incrustans, Balanus crenatus, Verruca strémia, Acmaea virginea. 

19. Laminaria cloustoni, Saccorhiza bulbosa. 


Diverses réserves doivent étre exprimées relativement a ce tableau. En 
premier lieu, certaines espéces voient leur niveau supérieur varier selon la 
saison: pour Laurencia pinnatifida et pour Lithothamniwm lenormandi ce 
niveau est susceptible de s’abaisser pendant l’été ; Caloplaca marina offre la 
particularité d’étre beaucoup plus influencé par ’embrun que les autres espéces, 
de sorte que, fréquemment, il dépasse Verrucaria maura (Le Conquet ; Blackstone 
Point ; Carn du Point ; ile Tresco, etc.) ; & Saint Alban’s Head, c’est l’inverse. 
Diverses espéces n’atteignent les niveaux cités que dans quelques localités 
(elles rencontrent done trés souvent des conditions défavorables) : tels sont 
Cystoseira ericoides, Lithophyllum incrustans, Verruca strémia, Anomia ephippium 
et les diverses Spongiaires, Bryozoaires et Tuniciers. J] yaa mentionner d’autres 
irrégularités locales : Chthamalus stellatus n’atteint pas son niveau supérieur, 
lorsque la roche est un granite friable; les Lichens présentent souvent des 
faits analogues ; de méme il arrive que Patella vulgata ne dépasse pas Balanus 
balanoides (Sainte Catherine’s Point). Enfin, il faut. mettre tout-a-fait a 
part le cas de Balanus crenatus, qui dans la région armoricaine, n’atteint que 
rarement le niveau ci-dessus indiqué, et qui, en baie de Seine, le dépasse au 
contraire trés largement. 

Ces réserves étant faites, et le tableau ci-dessus étant done considéré dans 
beaucoup de cas comme un simple schéma, essayons cependant d’établir la 
correspondance entre les niveaux bionomiques et les niveaux cotidaux. Le 
résultat de mes diverses observations est porté dans le tableau ci-aprés (fig. 20). 
Les espéces n’y sont désignées que par leurs lettres initiales (on retrouvera 
leurs noms entiers en se reportant au tableau précédent). 

Ce tableau met bien en évidence le fait essentiel que j’ai montré en 1929, 
& savoir que les limites supérieures des diverses espéces se groupent aux niveaux 
des pleines ou basses mers et qu’il en existe fort peu dans la région moyenne 
comprise entre les pleines et basses mers de morte-eau. On peut dire que 
du moment qu’un organisme est capable de dépasser le niveau des basses mers 
de morte-eau, il est par la méme capable d’atteindre le niveau des pleines mers 
de morte-eau. I] faut donc admettre que la durée des phases d’immersion et 
d’émersion n’est pas le seul facteur réglant la distribution verticale de ces 
especes, mais que la fréquence de ces phases est un facteur des plus importants. 
En effet, dans toute la zone s’étendant des basses mers de morte-eau aux 
pleines mers de morte-eau, la fréquence de ces phases demeure la méme (et 


leur durée varie) ; au-dessus et au-dessous de cette zone, la fréquence subit 
de grands changements. 
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Fig. 20.—Juxtaposition des niveaux d’humectation eotidale, et des niveaux 


bionomiques (limites supérieures de répartition des diverse espéeces). 
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QUELQUES REMARQUES. 


A notre exposé concernant la répartition de chaque espece, peuvent étre 
ajoutés quelques commentaires relatifs 4 certains des faits rencontrés. 

Nous constatons d’abord que la céte frangaise et la céte anglaise de la Manche 
ne sont pas entiérement comparables entre elles, du fait des caracteres litho- 
logiques qui influent sur la répartition des animaux: en France, nous n’avons 
(dans la partie étudiée) que deux régions bien tranchées, d’une part la baie 
de Seine avec des roches trés tendres et des falaises verticales précédées de 
platiers, d’autre part la région armoricaine, tres homogéne avec ses roches 
dures et ses gréves inclinées de quelques dizaines de degrés. Dans cette région 
armoricaine les comparaisons entre stations sont tres valables et permettent 
de saisir dans tous leurs détails les gradations de la distribution. En Angleterre, 
le degré de cohésion des roches, et le profil des greves sont beaucoup plus 
variables, de sorte que les comparaisons d’une station & une autre deviennent 
plus hasardées. Seule est homogéne la région des schistes durcis de Cornouailles 
et du Devon, mais ces schistes donnent, selon l’orientation, des surfaces feuilletées 
ou des surfaces lisses, peu favorables les unes commes les autres a& la fixation 
des algues et des animaux. 

Ceci nous porte 4 considérer que les cétes frangaises armoricaines sont la 
région d’élection pour les études de bionomie intercotidale. Mais cela n’empéche 
pas que lon retrouve des deux cédtés de la Manche, les mémes gros faits de 
répartition. Presque toutes les especes étudiées dans ce travail en donnent 
des preuves. Je ne reviens pas sur ces faits exposés espéce par espéce, mais 
je veux y ajouter quelques remarques d’ordre plus général. 

Une premiére remarque concerne Vile d’Ouessant et le groupe des iles Scilly. 
Ces iles sont trés comparables par leurs positions géographiques respectives, 
qui les placent dans le prolongement de la pointe de la Bretagne ou de la pointe 
des Cornouailles anglaises. Or, elles ont en commun un ensemble de traits 
bionomiques qui les séparent nettement des autres contrées étudiées: aux 
Scilly comme a Ouessant, Corallina officinalis atteint un degré de prospérité 
qui n’a aucun rapport avec celui que nous avons décrit dans les autres stations ; 
ce sont les seules régions (dans le cadre de ce travail) ot Alaria esculenta soit 
vraiment abondant ; Actinia equina y est trés favorisé ; inversement d’autres 
especes se signalent, tant aux Scilly qu’é Ouessant, par leur absence ou par une 
rareté exceptionnelle. Ce sont Balanus balanoides et Patella intermedia. 

Il est probable que les traits bionomiques qui séparent l’ensemble Ouessant— 
Scilly du reste de la région étudiée seront expliqués & V’aide des conditions 
climatologiques particulieres que crée la situation avancée de ces iles. 

Une autre remarque concerne l’influence apparente du contour général 
des cétes, sur la faune et la flore des points battus. Les faits exposés dans ce 
ore re ae oe 

8 der Ss ‘ote. Nous allons reprendre la liste 
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des espéces qui ont leur prospérité maxima dans des régions rentrantes, et la 
liste des espéces qui ont leur prospérité maxima dans des régions saillantes. 

Les premieres sont, en les énumérant dans l’ordre de la systématique : le 
Spongiaire Hymeniacidon sanguinea; le Polychéte Pomatoceros triqueter ; 
le Cirripede Balanus perforatus ; les Mollusques Mytilus edulis et Anomia 
ephippium. 

Remarquons tout de suite que cette liste ne comprend que des animaux, 
et pas d’Algues. Remarquons encore que ces diverses espéces sont capables 
daffronter une émersion déja accentuée: Pomatoceros triqueter et Anomia 
ephippium peuvent atteindre le niveau d’humectation des basses mers de morte- 
eau, Hymeniacidon sanguinea le dépasse quelque peu, Balanus perforatus 
davantage, et Mytilus edulis s’étend jusqu’a proximité du niveau d’humectation 
des pleines mers de morte-eau. I] s’agit done d’espéces déja assez tolérantes 
vis-a-vis des variations du milieu. Cette remarque nous servira pour l’opposi- 
tion avec les espéces recherchant les cétes saillantes. 

Quelle explication chercher de la prospérité de ces espéces dans les régions 
rentrantes ? Il ne semble pas que ce soit une simple question d’agitation de 
Veau: sil en était ainsi, on devrait constater, dans les régions saillantes, la 
présence de ces espeéces sur les points situés entre les caps violemment battus 
et les anses abritées (car il existe, dans les régions saillantes comme dans les 
régions rentrantes, des points abrités). Or, cela ne se vérifie guere. Je suis 
tenté de chercher plutot l’explication dans une différence des qualités générales 
de eau. L’eau est moins pure dans les régions rentrantes que dans les régions 
saillantes : ces especes pourraient étre favorisées par une eau plus ou moins 
souillée. ALLEN nous dit que la proximité de la riviere Exe influe sur la faune 
de Orcombe Rocks prés de Straight Point. Cette localité, située au fond de 
Lyme Bay, est riche en Mytilus, Balanus perforatus, Pomatoceros. C’est le 
plus souvent dans des baies que se jettent les riviéres, et par ailleurs les dépéts 
meubles s’accumulent au fond des baies, troublent l’eau, et laissent exsuder 
diverses substances. D’autre part, dans ma thése (1929) ot j’ai étudié les 
divers facteurs pouvant régir la répartition de détail des espéces intercotidales, 
j'ai montré, aprés DE BraucHamp, que beaucoup d’espéces affectionnaient le 
voisinage de la vase des herbiers (faune ‘ engraissée’ selon DE BuaucHamp), 
les eaux souillées des ports, des estuaires, des moulins 4 marées, etc. . . . J’en 
dressai la liste, et il se trouve que les diverses espéces ci-dessus citées figuraient 
déja dans cette liste. J’invoquais surtout une action favorisante, probablement 
d’ordre nutritif, des substances organiques dissoutes ou suspendues dans l'eau 
de mer. Faut-il admettre que c’est le méme facteur qui joue dans les fonds 
de baie? Par prudence, je me contenterai d’émettre l’hypothése d’une action 
favorisante de substances d’origine terrigene, phrase qui évoque un rapport 
avec la forme rentrante de la céte. 

Mais il y a baie et baie au point de vue bionomique : Anomia ephippium 
prospére en certaines baies, et non en d’autres ; pour H. ymeniacidon sanguinea, 
Lyme Bay fait exception (voir les commentaires énoncés & propos de cette 
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espece) ; Balanus perforatus et Mytilus edulis ne marquent aucune abondance 
particulitre aux abords de la baie du Mont Saint Michel. Peut-étre une analyse 
des conditions particulitres régnant dans chaque région rentrante, nous 
mettrait-elle sur la voie. 

Dans cet ordre d’idées, il y aura également a tenir compte des particularités 
présentées par la station de Looe, qui pour diverses espéces fait exception aux 
régles générales de répartition : cette station est située dans la baie de Falmouth-— 
Plymouth, ov les espéces ci-dessus citées sont favorisées d’une fagon générale ; 
mais & Looe Hymeniacidon sanguinea ne se montre pas 4 découvert (alors qu’il 
prospére & Rame Head, Saint Goran, Pennance Point) ; il en est strictement 
de méme pour Pomatoceros triqueter, Balanus perforatus et Mytilus edulis. 
L’étude attentive des conditions régnant 4 Looe (direction des courants, degré 
de pureté de l’eau, force des lames, etc.) pourrait étre d’une trés grande utilité. 

Voyons maintenant quel est le bios favorisé sur les régions saillantes. Il 
comprend : une espéce animale, le Cirripede Pollicipes cornucopiae, que nous 
laisserons de cété parce qu’étant, dans notre région, a la limite de sa répartition ; 
les autres espéces sont des Algues Phéophycées : Bifurcaria tuberculata, Himan- 
thalia lorea, Alaria esculenta. D/’autres espéces, beaucoup plus généralement 
répandues, peuvent étre mises a la suite des précédentes : Saccorhiza bulbosa, 
Laminaria cloustoni, Laminaria flexicaulis. 

Remarquons que toutes ces Algues sont localisées & des niveaux tres bas : 
elles ne peuvent pas, 4 découvert, dépasser les niveaux des basses mers de vive 
eau, sauf Himanthalia et Bifurcaria qui les surmontent de trés peu. Ce sont 
done a priort des espéces beaucoup plus difficiles, quant 4 la variabilité des 
conditions externes, que les especes animales dont nous avons parlé plus haut ; 
leur répartition générale tend 4 nous montrer qu’elles sont favorisées par la 
pureté de leau, qui implique une bonne transparence, et par l’égalité des 
conditions climatiques. 

On peut dans une certaine mesure les classer dans un ordre d’exigence crois- 
sante : Laminaria flexicaulis est tres peu exigeante: par exemple, dans la 
région de Saint Malo, elle pénétre trés avant dans la Rance. Puis vient 
Laminaria cloustoni, qui n’existe pas dans la Rance, mais existe en beaucoup 
de stations quelque peu saillantes du littoral; puis Saccorhiza bulbosa, qui 
dans la région normano-bretonne, ne se trouve que sur les pointes rocheuses 
déja franchement avancées, et généralement localisée a l’extrémité de ces 
pointes ; puis Bifurcaria tuberculata (voir la carte); puis Himanthalia lorea 
(id.); enfin Alaria esculenta, qu’on ne rencontre (dans notre région) qu’a 
lextrémité du Finistére, des Cornouailles et du Cotentin, et qui n’est vraiment 
abondant que dans les iles Scilly et A Ouessant. 

Ainsi que je l’ai dit & propos de Balanus perforatus, on peut étre dérouté 
par cette notion de * bios des régions saillantes et bios des régions rentrantes ’, 
qui ne se superpose pas & la notion de ‘ bios des points battus et bios des points 
abrités ’, mais au contraire est parfois en contradiction apparente avec elle : 
Balanus perforatus, qui est incontestablement une espece des points battus 
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(DE BEAUCHAMP, etc.), appartient cependant * au ‘ bios des régions rentrantes ’. 
J’ai donné suffisamment d’explications a ce sujet, plus haut. Rappelons seule- 
ment que les contradictions apparentes s’expliquent par une différence des 
échelles employées : la notion classique de ‘ bios des points battus, ou des 
points abrités ’ a été établie a l’échelle locale (quelques kilometres) ; la notion 
de * bios des régions saillantes, ou des régions rentrantes ’, ne se révéle qu’a une 
échelle largement régionale : plusieurs dizaines, ou des centaines, de kilométres. 

D’autres remarques d’ordre général, plus faciles 4 exprimer sous forme bréve, 
prendront place dans le résumé ci-aprés. 


RESUME ET CONCLUSIONS. 


(1) Les especes intercotidales sessiles les plus communes ont été examinées 
dans 91 stations battues réparties le long des cétes frangaises et anglaises de la 
Manche ; le but est d’établir les grands traits de la répartition de ces especes, 
en regardant si leur abondance change d’une station a la suivante. 

(2) L’étude est faite espece par epéce: je donne séparément la répartition 
de chacune d’elles et m’efforce de chercher les explications des faits que j’établis. 

(3) Les comparaisons entre cdte frangaise et cote anglaise sont trés largement 
valables, mais la lithologie s’oppose 4 ce qu’elles le soient entiérement. La 
région armoricaine constitue le domaine d’élection pour l'étude des organismes 
sessiles vivant a découvert. 

(4) Divers faits établissent cependant un parallélisme assez étroit entre ces deux 
cotes. Telles sont les répartitions de Corallina officinalis, Lithothamnium 
lenormandi, Balanus balanoides, Chihamalus stellatus, etc.: pour ces espéces, 
les régions d’abondance et les régions de rareté ou d’absence, se font vis-a-vis 
d’une céte a l’autre. 

(5) En particulier, les iles Scilly d’une part, et Vile d’Ouessant, d’autre 
part, sont étroitement comparables : elles ont en commun divers traits biono- 
miques bien tranchés qui les mettent a part des autres contrées étudiées. 

(6) On peut répartir en diverses catégories les types de répartition rencontrés 
chez les différentes espéces. Plusieurs de ces catégories avaient déja été 
distinguées dans le travail de 1932, que le présent travail ne fait que compléter 
& ce point de vue. 

(7) Une premiére catégorie, la plus simple et la moins instructive, renferme 
les especes qui existent sur presque tous les points visités, et dont l’abondance 
ne varie guére d’une station a une autre. Telles sont Laurencia pinnatifida, 
Purpura lapillus, Littorina saxatilis, Patella vulgata, et, dans quelque mesure, 
Laminaria flexicaulis. 

(8) Une deuxiéme catégorie comprend les espéces dont la répartition est réglée 
principalement (dans la région étudiée) par le degré de cohésion de la roche : 
ce sont principalement les Lichens, Xanthoria parietina, Caloplaca marina, 


* Tout au moins dans les contrées étudiées par nous. 
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Verrucaria maura, Lichina confinis, Lichina pygmaea. Ils font défaut sur 
les roches trop tendres du bassin parisien ou de la céte calcaire anglaise ; dans 
les stations anglaises de la Manche centrale, ot souvent la roche est cohérente 
dans les parties basses mais friable dans les parties hautes, les Lichens obéissent 
a ces différences de cohésion ; enfin sur les roches que le métamorphisme a bien 
solidifiées, ils sont généralement présents, et on peut alors saisir les autres facteurs 
de leur répartition (orientation, principalement). D’autres espéces subissent 
& un degré plus ou moins fort l’influence du degré de cohésion de la roche : 
par exemple les Mollusques Patella depressa et P. intermedia, et le Cirripéde 
B. perforatus : mais l’action est alors partiellement indirecte, elle commande 
le profil de la gréve, qui modifie la force des vagues. 

(9) Une troisitme catégorie comprend les especes que l’ont voit progressive- 
ment disparaitre lorsqu’on se déplace le long de la Manche, sans que cette 
limitation de leur extension géographique soit commandée par la nature pétro- 
graphique du substratum. Tels sont les Cirripedes Chthamalus_ stellatus, 
qui, abondant a l’Ouest, se raréfie lorsqu’on va vers l'Est et disparait au niveau 
du Cotentin et du Solent, et Balanus balanoides qui, inversement, est abondant 
dans la Manche orientale et centrale, se raréfie dans la Manche occidentale, 
et disparait vers l’extrémité du Finistére et des Cornouailles anglaises. J’étudie 
dans le détail les processus de ces phénomenes. 

(10) Puis viennent des espéces dont les variations d’abondance, obéissant 
des processus tres ordonnés, aboutissent & une prospérité maxima sur les régions 
géographiquement saillantes et & une prospérité minima dans les grands rentrants 
de la céte. Ce sont principalement des Algues. Il semble que ces espéces soit 
favorisées par une eau pure, et ce mode d’action parait se ramener, du moins 
pour certaines d’entre elles, 4 une question de luminosité (faible absorption 
des rayons). Des considérations d’égalité climatique, ainsi que l’amplitude 
des marées, peuvent aussi intervenir. Ces espéces, rangées par ordre d’exigence 
croissante (de plus en plus étroitement localisées sur les régions saillantes), 
sont : Laminaria flexicaulis, Laminaria cloustoni, Saccorhiza bulbosa, Bifurcaria 
tuberculata, Himanthalia lorea, Alaria esculenta. 

(11) Une catégorie inverse comprend des espéces (animales) dont la prospérité 
est maxima dans les grandes baies et minima sur les caps et presqu’iles: le 
Spongiaire Hymeniacidon sanguinea, le Polychéte Pomatoceros triqueter, le 
Cirripéde Balanus perforatus, les Mollusques Mytilus edulis et Anomia ephippium. 
Cette répartition ne semble pas due & des questions de force des vagues (il 
y améme contradiction apparente, & ce point de vue, entre la répartition générale 
et la répartition de détail de Balanus perforatus). Il semble qu’une eau impure 
favorise ces espéces. 

(12) Dans le cadre des faits que je viens de citer, la station de Looe forme 
une curieuse exception. Bien que située dans une région rentrante, elle parait 
défavorable aux espéces animales ci-dessus énumérées, alors que les stations 
voisines leur sont favorables. L’analyse des conditions régnant & Looe 
donnerait peut-étre des résultats instructifs. 
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_ (13) Les diverses catégories que je viens de nommer montrent des faits de 
répartitions réguli¢rement ordonnancées, relevant vraisemblablement de causes 
simples. D’autres espéces sont dans le méme cas, sans cependant pouvoir 
étre intégrées dans l’une de ces catégories. Ce sont Leathesia difformis, Litho- 
thamnium lenormandi, Corallina officinalis, Balanus crenatus, etc. Ce sont 
autant de cas particuliers & approfondir, avec l’espoir d’arriver 4 une inter- 
prétation en raison du caractere ordonnancé des répartitions. 

(14) Enfin certaines espéces, contrairement 4 toutes celles que nous avons 
citées jusqu’ici, ont des répartitions d’allure capricieuse et non plus ordonnancées. 
Ces répartitions capricieuses sont en réalité trés peunombreuses. Les principales 
sont celles de Anthozoaire Actinia equina et du Mollusque Patella intermedia. 
Or, leurs répartitions sont, dans une large mesure, inverses l’une de l'autre : 
nous pouvons done espérer trouver une cause inhérente au milieu, agissant en 
sens inverse sur ces deux espéces. Cela nous montre qu’il n’est pas inutile 
de décrire 4 fond la répartition de chaque espece, méme lorsqu’elle parait 
tout-a-fait désordonnée. 

(15) Une étude de la répartition verticale des espéces me permet de dresser 
un tableau de lordre des résistances spécifiques & lémersion, intéressant 53 
especes, végétales ou animales, et d’étudier la correspondance des niveaux 
bionomiques et des niveaux cotidaux. 


APPENDICE. 

Le présent travail était rédigé et parti pour l’impression lorsque j’ai pris 
connaissance de l’article de J. A. Kircutne, ‘An Introduction to the Ecology 
of intertidal rock surfaces on the coast of Argyll ’*. 

Je renvoie 4 ce travail pour les diverses questions connexes a celles qui ont 
été traitées ici. Il s’y trouve en particulier des renseignements bionomiques 
concernant les Cirripédes et les Algues, ainsi que des schémas relatifs 4 la 
distribution verticale des organismes. 
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A new species of rhabdocoel and its method of feeding. By L. E. R. Pioxen, 
Hidrobiolska Stanica, Ohrid, Jugoslavia, and the Zoological Laboratory, 


Cambridge. (Communicated by G. 8. Carrur, M.A., Ph.D., F.L.S.) 


(With 5 Text-figures) 
[Read 6 May 1937] 


INTRODUCTION. 


The animal described here was discovered in an infusion of decaying Phrag- 
mites during a preliminary survey of the protozoan fauna of certain springs 
in southern Jugoslavia. As has frequently been observed with other rhabdocoel 
species, the period during which the animal occurred in the culture was very 
limited—not more than three days. With the fixatives available (Schaudinn 
and de Beauchamp) it was impossible to obtain satisfactory permanent prepara- 
tions, and the short duration of the swarm precluded a careful trial of other 
methods of fixation. The observations recorded here are, therefore, limited 
to the appearance of the living animal, and as such their systematic value is 
limited. Since, however, both the anatomy of the animal and its feeding 
habits differ profoundly from those of any other rhabdocoel whose description 
I have been able to find (the most recent work consulted being the survey by . 
Bresslau (1933)), it appears worthwhile to publish an incomplete description 
which is of some biological interest, although inadequate from the point of 
view of systematics. 


EXTERNAL FEATURES, MOVEMENT, ETC. 


The animal is semi-transparent, with a more opaque middle region tinted 
brownish yellow. The largest specimens were not more than 0-2 mm. in length, 
and the width was not greater than about 0:02 mm. The body is very much 
compressed, so that the general appearance is that of a narrow flexible ribbon, 
pointed at each end, gliding in and out of the algal undergrowth. Superficially 
the animal resembles a flattened ciliate (e.g. a Loxophyllum sp.), not only in 
texture, but in its method of progression. Movement appears to be due 
entirely to ciliary activity, and is extremely rapid, so that under a 2/3 in. objec- 
tive it was difficult to keep the animal in the field A striking feature was the 
ability of the animal to reverse its direction of movement without a perceptible 
preliminary deceleration. No animal was ever found resting, and both move- 
ment and feeding seem to be continuous. As in the case of other rhabdocoels, 
the animal was able to pass freely from the bulk liquid phase to the surface 
film and vice versa, but in contradistinction to larger rhabdocoel species the 
animal generally swam freely suspended, and did not glide over the substratum. 
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DIGESTIVE SYSTEM. 
The mouth was only visible during the moment in which food was taken ; 
there was no trace of a muscular pharynx. The blind intestine extended from 
the posterior end forward, about four-fifths of the body-length (see g., fig. 1 a). 


Fia. 1.—(a) Appearance of living animal: c.n.s., central nervous system; g., gut; 
l., lobed appearance of gut—not always present ; m.l., mouth-lappets (see 
text); 7., refractive globules; s.p., sensory pit. (b) Chain of zooids: 
b., bud. (c) Newly separated bud (?). 


In some specimens a series of lobes bordering the gut was observed, and 
a . . : 
occasionally highly refractive globules (fig. 1a). As is shown in fig. 2, the gut 
may be straight throughout, or the end may be curved forward. Fig. 1 also 


y Na, 
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shows the appearance of the mouth-lappets (m.l.), whose structure and 
importance in the capture of food will be described later. 


THE CENTRAL NERVOUS SYSTEM AND SENSE-ORGANS. 


In front of the gut, the slightly pointed, colourless anterior end appeared 
to be filled by a lattice of transverse and longitudinal fibres recalling the 
structure shown by other rhabdocoel species (fig. 1a, c.n.s.). In the living 
animal it was not possible to trace any connection between this system of 
fibres and the sense-organs. In addition to the general ciliation both anterior 
and posterior ends were provided with a group of longer cilia (see figs. 1 & 2), 
possibly of sensory importance, and anterior to the gut, on either side at the 
base of the triangular extremity, was a sensory pit resembling those frequently 
present in rhabdocoels (s.p., fig. 1a). As shown in fig. 3 the form of the pit 
was observed to change from time to time in a manner which would probably 
result in the renewal of the liquid in the spherical cavity, and which might also 


2 


td od 


Fia. 2.—Variation in form of gut (posterior end), 
Fie. 3.—Change in form of sensory pit. 


be of importance in exposing a greater or less surface to the stream of water 
passing backwards from the anterior end. No trace of light-sensitive receptors 


such as pigment spots was found. 


GENITAL ORGANS. 


Careful examination of the living animal failed to reveal any sign of sexual 
organs, nor were these visible in such imperfectly fixed and stained preparations 


as were made. 
‘ASEXUAL REPRODUCTION. 

Many individuals were found consisting of a chain of two (but never more 
than two) zooids. The gut of the bud was continuous with that of the first 
zooid ; but, apart from the gut, the bud showed no trace of the structures visible 
in the parent (see fig. 16). It seems probable that the adult organisation 
does not develop until the bud has separated from the primary zooid (contrast 
with e.g. Microstomum), since free-swimming bud-like individuals (fig. 1c) 
were frequently found. The bud, then, appears to begin independent existence 
without the characteristic feeding apparatus of the adult and apparently 


i i outh at all, 
without am fie 
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THE METHOD OF FEEDING. 

If the animal in the course of its wanderings passes with the mouth-lappet 
region not more than ca. 0-005 mm. distant from a small ciliate, the structures 
marked m.l. in fig. 1a are opened out like an unbuttoned waistcoat (fig. 4) 
and a funnel-shaped cavity is formed, into which the protozoan appears to be 


Fic. 4.—Capture of prey : above, creeping on surface film ; below, swimming 
round an algal filament (a); p., protozoan. 


a = 
Fia. 5.—Stages in capture and swallowing of prey. (a) Mouth-lappets in repose 


(6) Mouth-lappets open revealing cavity ¢., into which gut opens at m 
(c) Lappets closed ; cavity still visible, protozoan passing into gut. 


drawn by the vortex created in this movement. The lappets are immediately 
folded back into their resting position, and for a second or go the ciliate is seen 
moving about in a circular cavity. Suddenly the anterior end of the gut opens 
into this cavity, and the protozoan passes into the gut ; the process of swallowing 
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involves a spasmodic contraction of the whole organism. With the swallowing 
of the prey the cavity disappears, and the mouth is no longer visible. Fig. 5 
illustrates the stages in the process of capture and swallowing—in so far as it 
is possible to analyse this extremely rapid sequence of reactions. 

For a few seconds the body of the ciliate forms a perceptible bulge in the 
rhabdocoel, but after several violent peristaltic contractions the bulge 
disappears, and within a minute of the first opening of the mouth-lappets the 
organism is ready to repeat the operation. 

It appears that the reaction is only provoked when the animal passes with a 
particular region of its body (i.e. the mouth-lappets) within a certain distance 
of its prey—there is no approaching of ciliates from a distance or pursuit if 
the prey is moving rapidly and is not immediately drawn into the funnel 
formed by the lappets. 

The opening of the lappets seems to be a non-specific reaction, in the sense 
that the animal shows no discrimination between suitable and unsuitable 
food objects. Thus the reaction may be evoked by a passing ciliate larger 
than the rhabdocoel itself, or even by rotifers. It appears that any proto- 
plasmic surface within a certain limited distance provides an adequate stimulus 
for the lappet-opening reaction. The ciliate most frequently swallowed was 
a small Glaucoma sp. 

I propose to give the new rhabdocoel the generic name of E'pendytes (€mevdutns 
=a tunic worn over another ; in modern Greek, a waiscoat) and the specific 
name of macedonicus. 


SUMMARY. 

(1) The structure of a new species of rhabdocoel (for which the name of 
Ependytes macedonicus is suggested) is described, in so far as it is visible in the 
living animal. 

(2) The capture and swallowing of food is described. 


I wish to express my appreciation of the kindness of Prof. Sinisa Stankovié 
and the courtesy of the laboratory staff during my stay in Ohrid. 
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Grasshoppers (Orthoptera, Acrididae) collected by Captain F, Kingdon Ward 
in Tibet in 1935. By B. P. Uvarov, D.Sc., British Museum of Natural 


History. (Communicated by the ZootocicaL SECRETARY.) 
(PLate 5 and 2 Text-figures *) 
[Read 21 January, 1937] 


SIXTEEN adult specimens of Acrididae, brought home by Captain Kingdon Ward 
from his last expedition into South-Eastern Tibet +, proved to belong to four 
species. One is a male of a widely distributed Oriental species, Gastrimargus 
africanus orientalis Sjostedt, taken at Dirang, Tibet, 5,250 ft., 22 May 1935. 
Another, represented by a male, belongs to Omocestus enitor Uvarov, discovered 
in the same country by the late Professor Gregory’s expedition to Yunnan, 
and found now at the pass of Drichung La, 14,000 ft., June 1935. 

The remaining two species are not only new, but of exceptional biogeographical 
interest. They belong to my genus Mekongia {, the first species of which was 
also discovered by Professor Gregory. The genus Mekongia and the related 
Yunnanites Uv. are members of the group Sphenarit, of the subfamily Pyrgo- 
morphinae. The group Sphenari includes only five known genera of apterous 
grasshoppers. Two of them (Prosphena and Sphenariwm) are represented by 
several species in Central America (chiefly tropical Mexico) ; one (Chirindites, 
Ramme 1929) with three species occurs on Mt. Chirinda in Southern Rhodesia ; 
and Yunnanites, with one species, and Mekongia, which now includes three 
species, are known only from Yunnan. Such discontinuous distribution (see 
fig. 1) is a clear proof of the great age of the group Sphenari, and it is not 
easy to account for it in the present state of our knowledge. It is of interest 
to point out that the group appears to be associated with hot countries with 
subtropical scrub or forest. Such type of vegetation is typical of river gorges 
in Southern Tibet §. 

The three species of Mekongia known at present form an interesting series 
beginning with M. gregoryt recorded from an altitude of 8,000 ft. in the valley 
of the river Mekong. This is a relatively large species, with the strongly 


* The cost of reproducing these illustrations has been borne by the Westwood Fund. 

+ F. Kingdon Ward, ‘ Botanical and geographical explorations in Tibet, 1935’, Geogr. 
Journ. Ixxxviii, 1936, pp. 385-410. iS 

{ ‘ Orthoptera (except Blattidae) collected by Professor Gregory’s expedition to Yunnan’, 
Journ. Proceed. Asiat. Soc. Bengal (n.s.), xx, 1924, no. 6, pp. 313-335. 

§ F. Kingdon Ward, ‘ A sketch of the vegetation and geography of Tibet,’ Proc. Lion, 
Soc. Session 148, 1935-36, pt. 3, pp. 134-60, 4 pls., map. 
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elongated fastigium of vertex, typical for a Pyrgomorphine. The next species 
in the series is M. kingdoni, which is smaller, more rugose, with shorter fastigium, 
and occurs in the Tsangpo valley at an altitude of 10,000 ft. The third species, 
M. wardi, has been found as high as 14,000 ft. on the Drichung La pass over 
the Great Himalayan range. It is remarkable for its small size, sturdy habitus, 
and particularly for the very short fastigium, on which the foveolae typical 
for Pyrgomorphinae are almost obsolete. As a result, J. wardi is very similar 
in its general appearance to a species of the genus Conophyma, typical of high 
mountains of Turkestan (with one species in Western Himalayas), though, 
of course, there is no relation to it, as Conophyma is a member of another 
subfamily, Catantopinae. This suggests, however, that alpine habits produce 
in Acrididae a definite alpine life-form. 


Fre. 1.—Distribution of the group Sphenarii. 


a WV \, 97 ‘ei ¥ of 
The discovery by Captain Kingdon Ward of two species of Mekongia 
suggests that further intensive collecting in dry hot gorges of Southern Tibet 
is certain to bring to light many interesting novelties. 


MEKONGIA KINGDONI, sp. n. (PI. 5, fig. K; text-fig. 2 K.) 

?. Antennae extending a little beyond the typical pronotal sulcus, com- 
pressed in the basal part. 

Head very short. Frontal ridge in profile straight, except at the fastigium 
where it is slightly projecting ; margins raised throughout, obsolescent ont 
close to clypeus ; surface deeply suleate. Lateral facial keels well distinct 
in the upper half, obsolescent in the lower. Surface of the face between the 
lateral keels and the frontal ridge distinctly rugulose. Cheeks rugulose 
more distinctly so in the lower parts. Fastigium of vertex horizontal, nearl 
twice as broad as long ; apex very obtuse, rounded ; foveolae wot hee are 
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the posterior margin indistinct ; median sulcus deep. Vertex and occiput 
with slight rugosities, and low round tubercles ; median carinula low, irregular. 

Pronotum very coarsely rugulose and tuberculate. Median carina distinct 
throughout, more raised in the anterior third, finely sulcate along the middle 
in metazona. Lateral carinae raised, but very irregular, subparallel in the 
anterior third; projecting sideways between the second and third sulcus ; 
somewhat convergent backwards in metazona. First sulcus obsolete on the 
disc ; second scarcely perceptible ; third fine, but distinct, placed at three- 
quarters of the length. Posterior margin shallowly excised; the margins 
broadly convex. Lateral lobe a little longer than high ; lower margin strongly 
sinuate ; hind angle about 90°, rounded. Visible part of mesonotum, meta- 
notum, and first tergite with dense honeycombed wrinkles. 

Elytra absent. 


Fig. 2.—Mekongia gregoryt Uv. (G); M. kingdoni, sp. n. (K); M. wardi, sp. n. (W). 

General coloration dark brown or olive-green, with indefinite blackish- 
brown markings. Antennae blackish, but becoming light brown apically. 

g. Antennae a little longer than head and pronotum together. Body more 
distinctly rugose than in the female. 

Length of body, ¢ 22, 9 28; pronotum, ¢ 5:5, 9 6-5; hind femur, 3 12:5, 
2 14 mm. 


S. Trner. Tsela Dzong, Tsangpo valley, 10,000 ft., 24 July 1935, 5 gg, 6 29 
(F. Kingdon Ward). 


MEKONGIA WARDI, sp.n. (PI. 5, fig. W.) 


9. Antennae short, distinctly compressed, and widened basally. 
Head very short. Frontal ridge in profile quite straight, not projecting at 
the fastigium ; margins raised throughout, except close to the clypeus ; surface 
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deeply sulcate. Lateral facial keels and sculpture of face as in M. kingdont. 
Cheeks weakly rugulose in the lower part. Fastigium of vertex slightly 
sloping, more than twice as broad as long ; apex broadly rounded ; foveolae 
imperfectly defined, weakly rugulose ; median sulcus distinct. Vertex and 
occiput practically smooth, with a very low, irregular median carinula. 

Pronotum less coarsely rugose than in M. kingdoni, practically non-tubercu- 
late. Median carina low, but distinct, finely sulcate in the second half. Lateral 
carinae little raised, thick, irregular ; weakly incurved in the anterior half ; 
weakly projecting sideways behind the second sulcus ; somewhat convergent 
in metazona. First and third sulcus obsolete on the disc, while the second is 
well developed, placed just behind the middle, obtusely angulate in the middle. 
Posterior margin very slightly excised. Lateral lobe scarcely longer than high ; 
lower margin strongly sinuate ; hind angle about 90°, rounded. Sculpturing 
of mesonotum, metanotum, and abdominal tergites as in M. kingdoni. 

Elytra absent. 

General coloration olivaceous green. Antennae brown. Pronotum with 
castaneous sublateral spots. Hind tibiae yellowish. 

3. Coloration reddish brown. Hind tibiae dark yellow. Mesonotum with 
a smooth yellowish spot. 

Length of body, g 17-5, 223; pronotum, ¢ 4:5, 2 5-5; hind femur, ¢ 10, 
2 11-5 mm. 

Tiser. Drichung La, 14,000 ft., June 1935, 1 g, 2 99 (and a number of 
larvae not included into paratypic series). 


The three known species of Mekongia can be separated by the following 
key :— 


1 (2). Large and much less rugose. Fastigium of vertex about as 

long as wide. Frontal ridge in profile strongly projecting 

at the fastigium, obsolescent in the lower half. Lateral 

pronotal lobe with the lower margin scarcely sinuate (fig. 2G). 

Mesonotum, metanotum, and first tergites almost smooth, 

with scattered punctures. Elytra present, scale-like (Pl. 5, 

Bias Gey Pays taiesieic sie co ki loyrate at sa alvslter eve caus Watton eulnver can Metre reat een Rea Ee gregoryt Uv., 1924. 
2 (1). Smaller and strongly rugose. Fastigium of vertex about twice 

as broad as long. Frontal ridge in profile almost, or quite, 

straight, distinct almost to the clypeus. Lateral pronotal 

lobe with the lower margin strongly sinuate (fig. 2.1K, W). 

Mesonotum, metanotum, and first tergites with strongly 

developed honeycombed rugosities. Elytra absent. 
3 (4). Frontal ridge in profile somewhat projecting near the fastigium 

(fig. 2K). Pronotum with two distinct sulci on the dise, 

rugose and tuberculate: (Ply by tien Ko) ss cece icine kingdom, sp. 1 
4 (3). Frontal ridge in profile quite straight (fig. 2W). Pronotum 

with only one distinct sulcus on the disc, rugose, but not 

tuberculate: (PS O.ct coe VV) meee een ee wardi, sp n 


EXPLANATION OF PLATE 5. 
Fig. W. Mekongia wardi, sp. n., 9. 
Vig. K. Mekongia kingdoni, sp. n., 9. 
Vig. G. Mekongia gregoryi, Uv., 9. 
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On the anatomy and relations of the Appendicularian Bathochordaeus, based 
on a new species from Bermuda (B. stygius, sp.n.). By WaLtur GARSTANG, 
M.A., D.Sc., F.L.S., Emeritus Professor of Zoology (Leeds), Oxford. 


(With 11 Text-figures) 
[Read 2 April 1936] 


DvRING a visit to the Bermuda Biological Station in the early spring of 1935, 
two specimens of this remarkable Appendicularian turned up in the plankton 
after a spell of stormy weather. One of them at once attracted attention, 
when the hauls were emptied into jars, by the quiet regularity of its swimming 
movements, in contrast with the rapid and erratic darts of most other species. 
After a brief examination alive under a binocular microscope, during which the 
position of the beating heart was noted, it was quickly fixed in Bouin’s fluid, 
so as to ensure preservation of the epithelia. A second specimen, also alive, but 
entangled in débris of the same haul, was found later, and was at once fixed 
in the same way, both being ultimately transferred to formaline for preserva- 
tion. Subsequent study of both specimens, cleared in glycerine, has confirmed 
the first impression that they belong to Chun’s rare genus, and their excellent 
condition has enabled a number of important points to be determined, which 
up to the present have been variously and uncertainly interpreted, or altogether 
overlooked. As these are the only good specimens in existence, it has seemed 
undesirable to subject either of them to dissection or serial sections, but, except 
on a few points of histological detail, it has been possible to work out almost 
every feature of the general anatomy without recourse to those methods. 

Our knowledge of Bathochordaeus has hitherto been limited to the accounts 
by Chun and Lohmann of four specimens fished presumably in deep water by 
the Valdivia expedition, two large ones in (or below) the Benguela Current of 
the S. Atlantic, and two small ones in the Indian Ocean near the Seychelles. 
The first pair were noticed on board, and formed the subject of a graphic 
description by Chun himself (1903, pp. 554-7, 3 figs.). They were veritable 
giants among Appendicularians, the depressed body being as large as a walnut 
and the broad tail almost 3 ins. in length. Having been taken in a deep vertical 
haul (2500-0 m.) they were named Bathochordaeus charon, after the fabled 
ferryman of the lower world. Two of Chun’s figures are here reproduced 
(figs. 1 & 2). They show a remarkable combination of characters, many 
of which reappear in the Bermuda specimens—a flat, broad, transparent, 
body, trilobate in front ; dorsal mouth ; square oikoplastic epithelium covering 
the anterior (precaudal) region, and produced behind into a pair of tapering 
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fibrous processes ; flat, crescentic stomach horizontally extended in the post- 
caudal (‘ genital’) region, and provided with a large caecum forming its left 
horn ; and paired gill-pouches with long slit-like spiracles superficially placed 
in front of the anus. Other features in Chun’s account are more peculiar, 
viz. the triangular (obconical) form of the gill-pouches, narrow internally and 
expanded distally, a crop-like expansion of the oesophagus behind a narrow 
tubular pharynx, and differentiation of the house-forming epithelium (° oiko- 
thelium ’) around the mouth into four pairs of ‘ moustache-like ’ bands of gland- 
cells. 


Fies. 1 & 2.—Bathochordaeus charon from 8. Atlantic (after Chun). 

Fias. 3, 4, 5.—Ventral views of pharynx and alimentary canal: (3) B. charon Chun; 
(4) B. stygius, sp. n., showing also the heart; (5) ‘ B. charon, juv.’ (after 
Lohmann). Indian Ocean. 

Fias. 6 & 7.—Dorsal views of oikothelium: (6) ‘ B. charon, juv.’ (after Lohmann) ; 
(7) B. stygius, sp.n. Bermuda. a 

Fig. 8.—Ventral oikothelium of B. stygius, sp. n., showing duplex central oikoplast 
(filtering window ?). 


(For list of abbreviations, see p. 303.) 


In a preliminary account of the Valdivia material, Lohmann (1914) closely 
followed the lines of Chun’s description ; but as regards the oikothelium he 
claimed to have found a typical series of small cubical fibroplasts behind the 
main (hindmost) row of gland-cells (Chun’s ‘ schnuurbartahnliche Wiilsten ay 
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thus bringing this band into conformity with Fol’s oikoplast in Oikopleura. 
As there were also indications that ‘ the three rows of giant-cells in front of the 
main one appeared to have the same structure and to be similarly accompanied 
by fibroplasts’, he concluded that Bathochordaeus was characterized by the 
possession of four pairs of Fol’s oikoplasts. ‘ Die vier Oikoplastensysteme ’, 
he wrote, “deren jedes demnach einem Fol’schen Oikoplasten entsprechen 
wurde, treten deutlich hervor, aber die einzelnen Zellen sind grésstenteils 
zerstort ’ (1914, p. 163). 

The two Indian Ocean specimens were discovered after the publication 
of this account. They were much smaller, one having a body-length of 5 mm. 
with a tail of 18 mm., the other a body-length of 1 mm. and a tail of 3:7 mm. 
only. ‘The form of the alimentary canal and the structure of the oikothelium 
in these specimens is represented in my figures 5 and 6, the first after Lohmann 
u. Biickmann (1926, fig. 32, reversed), the second after the figure in Lohmann’s 
final report (1931, fig. 11 6). The small specimens appeared to differ appreciably 
from the original ones described above, especially in the capacious pharynx 
devoid of special gill-pouches, in the normal oesophagus, and in the absence of 
any repetition of the oikoplastic bands. The single row of giant-cells on either 
side of the mouth was homologized with Fol’s, although in this case the band 
of small fibroplasts accompanying it was definitely stated to lie in front of the 
giant-cells, instead of behind them as in his first account and in all other 
genera. 

In spite of these discrepances the small specimens were assumed to be young 
stages of B. charon, and the structure of their oikothelium as described was put 
forward as typical of the species and genus. 

No explanation was given by Lohmann and Biickmann of their brusque 
abandonment of Lohmann’s earlier statements, but in his final report (1931) 
Lohmann tells us for the first time that, owing to the imperfect state of Chun’s 
specimens when they reached him, he had largely relied in his first account 
on the evidence of the sketches made on board by Chun’s artist. He admits 
that only the last of Chun’s ‘ moustache-like bands’ was actually recognized 
and seen to consist of 11-12 giant-cells. Then came the discovery of the two 
Indian Ocean specimens, in one of which (the larger) the oikothelium was in 
better condition. Again, only a single pair of glandular crescents was recogniz- 
able, but this time with the triple row of fibroplasts clearly in front of them. 
After a renewed examination of the original large specimen in his possession 
Lohmann finally thought it ‘ probable’ that the arrangement was the same in 
both, ‘ aber so lange keine Tiere mit gut erhaltenen Oikoplastepithel gefunden 
sind, ist hiertiber keine Entscheidung méglich ”’ (l.c. p. 128). 

Although all solid grounds for identifying this glandular crescent with Fol’s 
oikoplast had now disappeared, Lohmann clung tenaciously to his first idea 
of their homology, with unfortunate results. Thus in their systematic survey 
of Oikopleurids Lohmann and Biickmann distinguished Bathochordaeus from 
all other genera by the reversed position of the two parts of Fol’s oikoplast 
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(colloplasts and fibroplasts), and added the strange statement that in its effects 
on the formation of the resultant food-trap a mere transposition of this kind 
would be ‘ ohne wesentliche Bedeutung’ (lc. p. 97). Also in his final report 
Lohmann continued to discuss the Fritillarian relations of Bathochordaeus on 
the same lines as at the outset (1914), although the structural assumptions, 
which made these speculations then tenable had been completely discarded in 
the interval. So error grows. 

Fortunately, the Bermuda specimens are largely free from the defects of 
preservation which hampered Lohmann. They clearly show, in front of the 
main glandular area, not one, but two, pairs of glandular crescents, with a 
triple row of minute fibroplasts between them. Each member of the anterior 
pair consists of 8 giant-cells, and is thus identical with Fol’s oikoplast in Otko- 
pleura, Stegosoma, and Megalocercus both in structure and position. The 
posterior pair consist of 12 cells each, and thus correspond both in structure 
and position with the pair which Lohmann mistakenly identified with Fol’s. 
For convenience of reference I propose to call the members of this posterior 
pair ‘ Lohmann’s colloplasts ’. In their serial relation to Fol’s oikoplasts these 
bands are unique in Appendicularians ; nevertheless, they may be regarded 
simply as a further differentiation of the general glandular field, especially 
of the areas in other Oikopleurids known as ‘ Martini’s field > and the ‘ oblique 
line’ (Biickmann’s terminology in L. & B., 1926, figs. 2, 4,22; f&g). The 
presence of two pairs of ‘ schnuurbartahnliche Wiilsten ’ in the Bermuda speci- 
mens obviously furnishes a partial corroboration of Chun’s account of B. charon : 
they correspond to the 3rd and 4th pairs of his description. 

In other respects also the Bermuda specimens display an essentially normal 
structure, which lacks the more peculiar features assigned by Chun and Loh- 
mann to their examples. They are without the crop-like expansion of the 
oesophagus which characterized Chun’s original specimen, thus agreeing 
with Lohmann’s forms from the Indian Ocean; but, unlike the latter, they 
possess a pair of well-defined gill-pouches, thus approaching Chun’s type, 
but without its peculiar modifications. In fact, the structure of the Bermuda 
specimens so clearly furnishes a link with that of normal Oikopleurids that it 
may well be regarded as archetypic for the genus, the special features assigned 
to charon by Chun and Lohmann being aberrant deviations. As will be seen 
in the sequel, some of these deviations are probably more apparent than real, 
and based on faulty interpretations of imperfect material. This is certainly 
the case with Lohmann’s account of the Indian Ocean specimens: the two 
features which were stated to characterize them being no longer admissible, 
viz. the alleged inversion of Fol’s oikoplast, and the peculiar pharynx—Loh- 
mann’s account of the latter being invalidated by his failure to distinguish the 
heart membranes (cf. figs. 4 & 5). 

With the disappearance of these characters must also go Lohmann and Biick- 
mann’s theory that the pharyngeal peculiarities of Chun’s charon may develop 
late in life from a juvenile condition exemplified in the Indian Ocean specimens, 
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The Bermuda type might indeed be substituted as the earlier stage of such a 
transformation, but in the complete absence of intermediate stages any hypo- 
thesis of this kind would be purely speculative, as well as in opposition to the 
strongly marked predeterminism of development in the group as a whole. 
Apart from these considerations it is obviously essential that the characters 
of the adult charon should be confirmed from new material before such theories 
can be entertained with advantage. 

In the meantime, until Chun’s original account can be verified or corrected, 
the only way of avoiding further confusion appears to lie in distinguishing 
the Bermuda specimens from B. charon as a separate species, for which I propose 
the name B. stygius, sp. n. 

The Indian Ocean type, which Lohmann regarded as ‘ B. charon, juv.’, 
is hardly likely to be resuscitated, either as a separate species or as a develop- 
mental stage. So far as one can judge from the incomplete accounts, its real 
structure is probably identical with that of B. stygius, but so many references 
to its alleged peculiarities are necessary in the present communication that 
for convenience I here distinguish it provisionally as ‘ forma lohmanni’. 

Although in this paper some criticism of Lohmann’s successive accounts of 
Bathochordaeus has been inevitable, may I here, with deep regret, pay a brief 
tribute to the memory of the distinguished Hamburg naturalist, who for forty 
years has been the greatest of all contributors to our knowledge of Appendi- 
cularian life and structure? With Lohmann from the outset the study of 
form in these aberrant little creatures was less an end in itself than the in- 
dispensable means of discovering their special rdles in the complex interplay 
of pelagic life. He enjoyed few opportunities of studying the living things, 
but made great use of an early year at Messina, which inspired all his later 
work. In his classical studies of the gelatinous house and its contained food- 
trap he carried observation into a field bristling with difficulties that had beaten 
all his predecessors and have so far daunted all successors. He surmounted 
them by incomparable pertinacity, scrupulous care in observation, and the 
correlation of evidence of every kind that he could devise—structural, develop- 
mental, bionomical, mathematical. Possibly from some lack of morphological 
discipline, Lohmann’s speculative judgments occasionally went astray and 
landed him at times in curious inconsistencies, but these are trifles by the 
side of his great accomplishments. His brilliant researches on Appendicularians, 
their food-traps, and the Nannoplankton have ensured for him an honourable 
and enduring place in the history of Tunicates and of Marine Biology. 


THE ANATOMY OF BATHOCHORDAEUS STYGIUS, SP. N. 


The two specimens of Bathochordaeus stygius were found by me late in March 
1935 in a vertical haul of a large plankton net outside Castle Roads, near 
Gurnet Rock, Bermuda, in about 150 fms. The net was towed from bottom 
to surface, but as midwater and surface nets yielded a very different type of 
plankton, it may be inferred that the specimens were caught at a depth of not 
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less than 100 fms. The weather for a week or two previously had been very 
stormy, and it is not improbable that an upwelling of deep water had taken 
place on this side of the island base. The alimentary tract of the smaller speci- 
men is empty, but that of the larger specimen contains a small cylindrical bolus 
of food in the right half of the stomach, against its posterior wall, the rest 
of the stomach and caecum being empty. The food appears to consist of naked 
Protozoa or Protophytes loosely aggregated and only partly digested. 
The dimensions of the two specimens (in mm.) are as follows :— 


| Body. | Tail. 
| 
recat Maximum r Pe Maximum 
| ee nee") breadth. | “©"S'"| breadth 
(Ave ee 2 6-1 5-0 20-0 5-7 
CB) ieee 4-0 30 | 143 4-6 


The delicate edges of the wide tail are now somewhat frayed, but in life 
the tail appeared, as it does still, though less clearly, to be broadly lanceolate 
or rounded at the extremity, not spatulate or emarginate as in Chun’s figure 
of charon : the widest part is not at the extreme end, as in that figure, but at a 
slight distance before the tip. 

Chun gives the dimensions of his giant specimens of B. charon as 25 x 19 mm. 
for the body and 7x5 cm. for the tail, but the last figure must be a misprint 
for 3 cm., as shown by his drawing (my fig. 1). With this correction it may be 
noted that the dimensions of my larger specimen are all about one-fourth of 
those given by Chun, so that the shape and proportions of the Bermuda speci- 
mens are closely similar to those of charon, except as regards the lanceolate 
extremity of the tail. 

As already remarked, one of the two was quietly swimming when first 
noticed, the flat body being held horizontally and the tail directed obliquely 
below and behind. I much regret having failed to note whether the oral 
extremity of the body was in front or behind during locomotion. The gela- 
tinous body was absolutely colourless and transparent, and obviously more or 
less buoyant. The undulations of the tail were even and leisurely, and recalled 
to my mind the placid movements of the praeoral fin of Bipinnaria asterigera. 

The mouth, as in B. charon, is dorsally placed, and projects above the general 
surface of the body at the summit of a short oral siphon with a smooth tumid 
lip, more prominent in front than behind, also as in charon (ef. figs. 2, 7, & 11). 
This anterior prominence overhangs the epithelium of the suboral region, and 
recalls the upturned ventral lip of most Oikopleurids sufficiently to be so named. 

The oral aperture is almost circular, and is bordered by a moniliform ring 
of sensory organs (fig. 11, 0.s.c.). These (under the highest power available 
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without the use of a cover-slip) appear to be round or slightly fusiform bodies 
with one or two rows of transverse striations on the surface, but the presence 
of bristles could not be demonstrated with certainty. The organs are close-set 
side by side in front and round the sides of the mouth, but become more widely 
spaced postero-laterally, and ultimately give way to a close-set series of 8 or 10 
rounded cells on the posterior border of the mouth, which is slightly elevated 
and reflexed forming a special dorsal lip. The surface of this lip appears to be 
corrugated, and its cells show no striations. 

As in other Appendicularians the mouth gapes widely and ig incapable of 
direct closure, but in this case the praepharyngeal wall inside appears to be 
capable of a kind of valvular action. In the larger specimen the semicircular 
ventral lip is much distended and elevated, and the antero-ventral wall of the 
praepharynx below it is pressed tightly upwards against the stiff circular base 
of the oral siphon, which is thereby completely closed from within by a taut 
diaphragm. The condition in the smaller specimen is represented in fig. 9. 
Here both dorsal and ventral walls of the praepharynx are bulged inwards 
against one another, and entrance to the pharynx can only be gained by pressing 
the ventral wall back with a seeker. Whether this valvular effect has a functional 
value or not it is impossible to say. It may, of course, be a purely mechanical 
result of sudden coagulation of the body-tissues by the fixative. 

Inside the mouth, in the ventral wall of the praepharynx, is a further pair 
of presumably sensory cells (i.s.c.). These are larger than any of the outer 
ring, and under a low power appear to be radially striated, as if carrying a 
tuft of bristles. If this is their structure, the general arrangement of these 
sense-organs brings Bathochordaeus into much closer relations with Kowalevskia 
and Fritillaria than with any described Oikopleurid (cf. Fol, 1872, pls. vi, 
Vili, X). 

From the oral siphon the relatively stiff and tubular wall of the praepharynx 
passes obliquely backwards and downwards for a short distance, and then, 
in the plane of the dorsal lip above and of the hind margin of the ventral oiko- 
thelium below, merges into the thin and purely membranous walls of the 
pharynx (figs. 9, 11). This consists of two portions, a narrow axial portion 
(the mid-pharynx) and two immense ventro-lateral expansions (the gzll-pouches), 
which terminate at the ventral surface on either side in the elongated, slit-like, 
densely ciliated spiracles (fig. 9). The dorsal wall of the mid-pharynx adheres 
firmly to the stiff basement-membrane of the dorsal oikothelium (fig. 11) and 
merges insensibly behind into the dorsal wall of the oesophagus. In side-view 
the dorsal walls of the gill-pouches can be seen sloping gradually downwards 
to the spiracles. Unlike the condition described in B. charon, their internal 
orifices are as extensive as their external, and their walls, though compressed 
dorso-ventrally, are essentially cylindrical, with parallel anterior and posterior 
sides, thus differing also from the condition in Oikopleura, in which the cavities 
of the pouches are more or less funnel-shaped. The two pouches are not quite 
symmetrical in their origin from the mid-pharynx, that on the left arising a 
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little in front of that on the right—a condition which is also apparent 
in Lohmann’s figure (of f. lohmanni), and slightly indicated in Chun’s 
second figure of B. charon, though the asymmetry is not referred to in their 
descriptions. 
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Fia. 9.—B., stygius, sp.n. Ventral view (optical section) of pharynx, alimentary canal, 
heart, gonad, and dorsal nerve-cord of the smaller specimen, showing wide 
dextral torsion of the nerve-cord (d.n.c.). 


(For reference letters, see p. 303.) 


. The primary cause of the pharyngeal asymmetry is probably to be found 
in the extraordinary flattening and backward displacement of the intestinal 
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loop, which has affected the relations of the oesophagus to the pharynx, as shown 
in fig. 9. To make these relations clear, however, we must first refer to certain 
features of the mid-pharynx which serve as landmarks. 

The endostyle is deeply sunk beneath the floor of the pharynx, from which 
it is suspended by a pair of thin membranes. Owing to the oblique inclination 
of the oral region, consequent upon the dorsal position of the mouth, the endo- 
style in fact appears, both in dorsal (fig. 11) and ventral (fig. 9) views, to be 
situated in front of its place of origin, which is partly represented in both 
figures by two converging lines behind it—the posterior ends of the two sus- 
pensory membranes. From the front end of the deep trough bounded by these 
membranes the pair of peripharyngeal ciliated bands emerge, this point being 
well behind the front of the endostyle itself for the reason already stated. 
Thus in the flat representation of a dorsal or ventral view the peripharyngeal 
bands appear to arise from the back of the endostyle, though their concealed 
origin is really in front as usual. From the endostyle pocket on the floor 
of the pharynx the two bands pass upwards and backwards to encircle the mid- 
pharynx, but, instead of proceeding symmetrically as usual, the left band 
crosses well over the mid-dorsal line, while the right band falls short of it. 
The two then pass backwards independently along the dorso-dextral wall of 
- the pharynx into the oesophagus. 

From the back of the endostyle trough, marked in the figures by the meeting- 
point of the endostyle membranes, another line (reé.) is seen to run backwards 
and terminate in the left wall of the oesophagus, where the boundary between 
the ventral walls of pharynx and oesophagus is marked by a thickened seam, 
the ventral lip of the oesophageal mouth. This line represents, not a ciliated 
band, but the retropharyngeal fold, an elevation of the mid-ventral floor of the 
pharynx, steeper in front than behind, which is the only separation between 
the cavities of the two gill-pouches. 

Bearing in mind that in ordinary Appendicularians the peripharyngeal 
bands, after their convergence dorsally, run straight backwards in the mid- 
dorsal line and that the retropharyngeal fold runs straight backwards in the 
mid-ventral line, it is clear that in Bathochordaeus the greater part of the axial 
combination of mid-pharynx and oesophagus has undergone a twist or rotation 
through some 90°. The junction of peripharyngeal bands with the oesophagus, 
which should be mid-dorsal, is carried over to the right, and that of the retro- 
pharyngeal fold and oesophageal mouth, which should be ventral, is carried 
to the left. The oblique opening from the stiff-walled oesophagus into the 
thin-walled pharynx looks straight into the hinder part of the right gill-pouch. 

The rest of the alimentary canal conforms so closely with the descriptions 
and figures of Chun and Lohmann as to need no special account. Its form 
and relations can be gathered from fig. 9, and the slight differences it shows 
in comparison with the other types can be sufficiently gathered from the small 
diagrams in figs. 3-5. In all three types the anus lies definitely to the right 


of the median plane, in B. stygius immediately behind the level of the posterior 
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wall and spiracle of the right gill-pouch. This is another point in which 
Bathochordaeus deviates from the Oikopleurid towards the Fritillaria and 
Kowalevskia types. 

Before passing on, however, it may be noted that in his account of B. charon 
Chun described three ciliated bands as running backwards to the oesophagus 
from the endostyle, as well as two forwards ‘zur Mundéffnung’. The 
posterior group clearly corresponds with the peripharyngeal bands and retro- 
pharyngeal fold of my description. The anomalous anterior bands correspond 
in my specimens, not to any pharyngeal structures, but to certain fibrous 
bundles which radiate superficially in this region and probably serve to stiffen 
the ventral oikothelial plate. 

The heart in B. charon is curiously figured by Chun as a small vesicle behind 
the base of the tail (my fig. 2). In B. stygius, at any rate, the heart is an elon- 
gated structure of considerable size lying obliquely in the triangular space 
between the left gill-pouch, the oesophagus, and the anterior wall of the gastric 
caecum, where its pulsations were conspicuous in the living animal (fig. 9, At.). 
It seems to be a true pericardial vesicle with a muscular ventral wall (the 
‘heart ’) and a convex non-muscular dorsal wall (the ‘ pericardium ’) which is 
anchored posteriorly between the oesophagus and the base of the tail. The 
muscular wall is mostly concave in the larger specimen, flat in the small one. 
Lohmann does not mention the heart in his account of the Indian Ocean 
specimens. I cannot help suspecting that his anomalous account and representa- 
tion of the pharynx, and his failure to detect gill-pouches, may have been 
due in badly preserved specimens to confusion of the crumpled cardiac mem- 
branes with those of the adjacent gill-pouch and oesophagus (cf. figs. 4 & 5). 
With Chun’s figure of the heart before one, it even seems possible that the major 
portion of the heart membranes was overlooked in B. charon also, and may 
have been confused with the oesophageal walls, thus giving rise to the im- 
pression of a crop-like dilatation of the latter (cf. figs. 3 & 4). 

Scant reference has been made to the nervous system in previous accounts of 
Bathochordaeus, Lohmann saying nothing, and Chun, in his account of charon, 
merely that the brain with the adjacent ‘ Geruchsgrube ’ is displaced asym- 
metrically to the right. His figure (l.c. p. 555) gives no further precision to 
this statement, showing no distinction of parts. It probably shows only the 
ciliated funnel, which lies on the right of the brain in Appendicularians generally. 

In B. stygius the positions of the brain and ciliated funnel are shown in fig. 11 
as seen in dorsal view through the refringent dorsal oikothelium, and in fig. 9 
in ventral view with the microscope focussed down through the ventral walls 
of the body and the pharynx. The opening of the ciliated funnel into the 
pharynx is remarkably large. The front of the brain lies in the median plane, 
but, as it tapers off behind, it definitely inclines to the right. The ciliated 
funnel lies in front of the brain and on its right side, separated from it by a 
clear space. It was impossible to detect the exact connexions of the brain 
with the funnel or with the dorsal nerve-cord. Expecting to find the cord 
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in its usual place near the mid-dorsal line in front, or on the right side of the 
oesophagus behind, after many fruitless attempts I ultimately discovered it 
taking the extraordinary course shown in fig. 9 (d.n.c.). It is exceedingly 
fine, and was only discovered in the end by the fact that it runs freely through 
the blastocele for long distances, and could be made to deviate slightly from its 
normal position by gently pressing the surface of the body under the microscope 
with a blunt seeker, when at last a fine glistening thread was noticed to move 
to and fro with each disturbance of the contents of the body-cavity. It can 
be traced forwards to the point where the peripharyngeal bands converge, 
but no further, because at this point it is clamped between the roof of the 
pharynx and the stiff oikothelial plate, and ceases to move under external 
pressure. Although therefore its connexion with the brain was not actually 
seen, the gap is very small and there can be no doubt as to its course. After 
leaving the brain it must, like the adjacent left peripharyngeal band, be deflected 
at once to the right towards the point of convergence of the peripharyngeal 
bands, after which it can be directly followed. It leaves the roof of the pharynx 
almost immediately, passes over the hinder wall of the right gill-pouch above 
the anus, and continues straight outwards and backwards through the blastocele 
above the right lobe of the stomach until it reaches the body-wall. Here it 
turns downwards, then forwards underneath the stomach (between the latter 
and the right wing of the gonad) towards the underside of the oesophagus. 
Finally, on reaching the left side of the latter, it turns downward once more, 
dilates to form a small caudal ganglion, and enters the base of the horizontal 
tail on the left side of the notochord. 

This unique torsion is more suggestive of a Gastropod than a Chordate, 
yet the course taken is exactly what would happen if in a common Ozrkopleura 
the stomach and intestinal loop were to be pulled backwards from the pre- 
to the post-caudal region of the body and there flattened out and extended 
sideways in the horizontal plane. In Otkopleura the nerve-cord arches over the 
right lobe of the stomach in its passage downwards from the dorsal side to the 
base of the tail. In Bathochordaeus these relations are precisely maintained, 
but the backward displacement and lateral expansion of the intestinal loop have 
involved the nerve-cord in a correspondingly circuitous extension of its path. 
Nothing could demonstrate more conclusively the evolutional history of the 
genus. a 

Both my specimens are immature, but the gonads show two distinct phases 
of early differentiation. In the smaller specimen (fig. 9) the gonad is a flat 
slender band of tissue lying transversely below the stomach. A central triangle 
with broad anterior base is distinguishable from the rest of the gonad by a 
slightly greater opacity. Just behind its posterior apex, near the middle of 
the hinder edge, is a small conical prominence with a refringent tip. The 
central triangle, which is bounded by a clear streak on either side, appears to 
be the rudimentary ovary, while the pale lateral wings, which are connected 
behind the triangle by a slender isthmus, probably represent the incipient 


testis. 
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In the larger specimen (fig. 10) the band has been transformed into a crescent 
by the forward growth of both sides, and the testicular (7) wings, with their 
connecting isthmus, show signs of particularly active proliferation. They are 
now more opaque than the central triangle, and along the isthmus and towards 
each extremity they show a number of still darker swellings, while the tip on 
each side is produced into a curious tassel-like extension having the same 
character. The isthmus is now rendered conspicuous by an actual breach of 
continuity between it and the central triangle, the apex of which has been 
completely absorbed and replaced by an irregularly rounded hole, which may 
be called the intragonadial foramen. The small conical prominence of the 
earlier stage has grown larger and projects forwards beneath the foramen. 


O 7 O. 3mm. 
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Fig. 10.—B. stygius, sp.n. Ventral view of larger specimen, showing the hermaphrodite 
gonad in course of transformation. for., intragonadial foramen 


It appears to be partly divided down the middle. On the anterior side of the 
foramen the edges of the ovarian (?) isthmus created by the hole are thickened 
and indented in front and behind, as if preparatory to a complete split between 
the right and left halves. 

It is obvious that the development of these reproductive glands is still far 
from completion. In the giant specimens of B. charon Chun figures the gonad 
as a thin scroll-like sheet—or pair of sheets—irregularly lobed at the ad e€ 
which ‘nimmt vorwiegend die Seitenflichen des Rumpfes ein’ (my fig a 
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Unfortunately, he does not discriminate between testis and ovary, or state 
whether the sheet, which is forked behind, is single or paired. What the final 
form of the gonads in the Bermuda species may be can only be surmised, but 
some further approach towards the scroll-like type of B. charon may be expected. 
The gonads of f. lohmanni are undescribed. 

My provisional identification of the anterior triangle as ovary, and the 
lateral wings as testis, is based only on indirect evidence, especially the relative 
quiescence of the former and the greater activity of the latter, most Appendi- 
cularians being protandric. If this is correct, the small median papilla of the 
hinder gland may be a rudiment of the short testicular duct which is found in 
many Appendicularians at maturity. 

The splitting of a discoidal genital rudiment into a median ovary and a bilobed 
testis is already known as a developmental method in the more advanced 
‘labradoriensis’ types of Oikopleura. Garstang and Georgeson (1935, fig. 1) 
have recently figured the successive stages in O. valdiviae. There is, however, 
an important difference between the two cases: the testicular isthmus in the 
latter is formed in front of the base of the median triangle, and not around its 
apex—the very opposite of the conditions in Bathochordaeus. Apart from 
developmental method, the arrangement of testis and ovary (if rightly identi- 
fied) in Bathochordaeus is more closely approached in the lower ‘ fusiformis ’ 
group of Oikopleura, where a median posterior testis sends lateral wings forwards, 
and is underlain by a discoidal ovary that tends to bifurcate in front below the 
testis (Fol, 1872, pls. i, ii ; Lohmann, 1896, pls. ix, fig. 6, and xvii, fig. 8). In 
Fritillaria also the ovary, whether single or double, tends to lie in front of the 
testis (Fol, passim), while F’. fraudax, with its Y-shaped gonad, comes very near 
to Bathochordaeus in several respects. In the median line of the young gonad 
of this species Lohmann figures ‘ eine kreisf6rmige sehr diinne Stelle ’, which 
is uncommonly suggestive of the intragonadial foramen of the young Batho- 
chordaeus, though its exact relations are obscure (Lohmann, |.c. Taf. iii, fig. 4). 


THE OIKOTHELIUM. 

The distinctive features of the oikoplastic or house-building epithelium 
have already been noted in my introductory remarks. It remains to present 
them in relation to the body as a whole. 

The oikothelium consists of two parts, a square dorsal plate covering the 
precaudal region of the body and pierced by the oral siphon in front (figs. 7, 11), 
and a small ventral plate in front of the spiracles which is continuous with 
the dorsal plate over the front edge of the body (fig. 8). Both plates are con- 
fined to the broad median section of the trilobed body. The lateral lobes are 
covered by a non-cellular membrane, continuous with that of the post-caudal 
or genital region, and may be distinguished as the genito-visceral wings (fig. 9, 
g.v.w.) In B. stygius the left wing lodges the distal half of the great gastric 
caecum and the gonad below it (figs. 7, 9, 10), as also in B. charon (fig. 1), 
but apparently not in f. lohmanni (fig. 6). In all three types the right (intestinal) 
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lobe of the gastric arch penetrates the posterior half of the right wing, but the 
inward curvature of the rectum near the tail-base leaves the anterior half 
empty in the young forms stygius and lohmanni, or to be occupied by the gonad 
only in the mature animal (B. charon). It may safely be inferred that the genito- 
visceral wings are destined to be occupied by gonads in each species when 
mature. Their preformation in readiness for this function is comparable with 
that of the median genital hump in Oikopleura (Garstang and Georgeson, 
1935, p. 272, fig. 1). 

The posterior angles of the dorsal plate, however, are produced by a pair of 
fibrous tails (figs. 2, 11, f.t.) into the thin membranous area of the genito-visceral 
wings. Similar processes have been described in several aberrant genera of 
Oikopleurids and interpreted by Lohmann and Biickmann as evidence of an 
evolutional reduction of the oikothelium. This view seems somewhat insecurely 
based, since the whole post-caudal region of an Appendicularian is morpho- 
logically a secondary outgrowth, and the fibrous tails clearly function as 
supporting structures. 

The ventral oikothelium is also produced, though less massively, into bundles 
of fibres which decussate in front of the spiracles and embrace them on either 
side, thus securely fixing these orifices to the hinder edge of the stiff cikothelial 
plate (fig. 8). Similar, but still shorter and finer, fibrils can, in fact, be traced 
all round the edge of both dorsal and ventral oikothelia, giving the appearance 
of a delicate fringe. 

What exact relation these fibres bear to the oikothelial cells, on the one hand, 
and to the genito-visceral membranes which they invade, on the other, can 
scarcely be determined without special histological preparations. They appear 
to be thickenings of the basement-membrane, since they persist after loss of 
the oikothelial cells. If this is so, they differ from certain radiating groups 
of filaments in the central parts of the oikothelium, which are only cnenien 
in proximity to uninjured giant-cells of Fol’s and Lohmann’s colloplasts (fig. 11). 
In view of the ease with which the giant-cells become detached, it is possible 
that these filaments are produced from the bases of the colloplasts and serve 
as anchoring tendrils. 

The drawings of the oikothelial plates represented in figs. 8 and 11 need 
a word or two of explanation. In spite of the excellent general condition 
of the specimens, and the care taken in their preservation and transport, many 
of the large jelly-forming cells in both specimens have become loose and partly 
or wholly dislodged, leaving curious groups of meandering hieroglyphic lines 
in their places. The exact nature of these scars I cannot determine : they 
may be thickenings of the basement-membrane or fibrillar remnants of 
the protoplasmic bases of the cells themselves. Whatever their nature, the 
resulting pattern plainly corresponds in general with the distribution of the 
different types of cell, as shown by the shape and position of the cells that have 
persisted in situ, only the outlines of which appear in the drawing. The chief 
exception lies on the left side of the great dorsal band (g.d.c.), in ian obscurities 
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Figs. 11, ll a.—B. stygius, sp. n. Dorsal view of mouth and oikothelium. The positions 
of ciliated funnel, brain, pharynx, left gill-pouch, and oesophagus beneath 
the epithelium are indicated. Uninjured giant-cells in situ are without basal 
markings. Based mainly on the smaller specimen, with supplementary 
details from the larger one. (For reference letters, see p. 303.) 
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of pattern—apparently due to local shrinkage of the basement-membrane— 
have defied all attempts to find true cell-limits comparable with those on the 
right side. 

With this qualification, fig. 11 probably represents a close approximation to 
the general pattern of the dorsal epithelium. A moderately broad circumoral 
zone of small cells—oval next the mouth, fusiform away from it—is succeeded 
by two pairs of crescentic bands of giant-cells (colloplasts), separated by a 
triple row of minute cubical cells, obviously the fibroplasts (/.f.) which make 
the ‘ food-trap’ of the house. Of the former, Fol’s colloplasts in front consist 
of eight cells and Lohmann’s behind (see p. 286) of twelve cells on each side. 
The innermost cells of each band are small and triangular in shape. The 
number of fibroplasts in each series slightly exceeds thirty, approximately 33-34. 

It is noteworthy that in the smaller specimen all traces of Lohmann’s collo- 
plasts on the right side have completely vanished, a fact which is not without 
importance in its bearings on the apparent absence of Fol’s oikoplasts in 
f. lohmanni. 

Lohmann’s bands (Z.c.) are followed by a parallel tract of fusiform ‘ mantle- 
cells’, similar to those which form a border round the whole oikothelium, 
but in the middle line a quartette of small triangular cells lies between the pair 
of Lohmann’s colloplasts and a broader, more or less diamond-shaped, patch 
of short oval cells succeeds it. The latter (a.7.), possibly the former as well, 
may well represent Biickmann’s ‘ anterior rosette’ in Oikopleura. Behind this 
rosette and the adjacent tracts of mantle-cells lies a continuous, transverse, 
somewhat crescentic, row of gigantic cells, greatly elongated at the sides and 
extending forwards on each wing (g.d.c.). This band doubtless corresponds 
with the * great dorsal cells ’ of Oikopleura, combined with ‘ Aida’s ovals ’ laterally. 

The posterior border of mantle-cells includes a spindle-shaped median 
group of moderately large square cells and a more or less independent patch 
of oblong cells on either side of it. The median group (p.r.) appears to represent 
the ‘ posterior rosette’ of Oikopleura. 

As already suggested (p. 286) Lohmann’s colloplasts—which Lohmann 
mistook for Fol’s—may be interpreted as a special modification of ‘ Martini’s 
field ’, probably in combination with Biickmann’s ‘ oblique line ’ laterally. 

Thus all parts of the dorsal plate can be identified with various fields in the 
somewhat irregular pattern of other Oikopleurids especially of the ‘ fusiformis- 
group ’, the distinctive feature of Bathochordaeus being its tendency towards 
a regular serial arrangement of the jelly-forming colloplasts and the absence 
of any trace of Kisen’s oikoplasts, which build the ‘ filtering windows’ of the 
normal Appendicularian house. The earlier statement of Lohmann and 
Biickmann (l.c. 1926) as to the presence of these latter elements was with- 
drawn by Lohmann in his final report (l.c. 1931), and their absence I can 
confirm in B. stygius. 

The pattern of the ventral oikothelium is shown in fig. 8, and consists of a 
strong, transverse, homogeneous band of giant-cells (a.b.c.) in front (visible 
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also from above, fig. 11), and three groups of smaller cells in another transverse 
row across the middle of the field. The lateral groups have a concentric 
arrangement of their cells; the central group, which is well defined, shows 
two rows of four cells each, arranged exactly behind one another, and followed 
by three rows, similarly arranged, of very small cells, possibly fibroplasts. 
The conjunction of these two groups, so strikingly similar to that in an Eisen’s 
oikoplast (ef. Lohmann und Biickmann, |.c.), raises the interesting possibility 
that they may have the corresponding function of producing a ‘ filtering 
window ’, but in the mid-ventral wall instead of on each side. 

It is interesting to note that, if this suggestion should be verified, Oikopleura 
imtermedia (Lohmann u. Biickmann, I.c. 1926) comes very near the parting 
of the ways between Orkopleura and Bathochordaeus, since it possesses a dorsal 
mouth, a suboral band of large oikoplastic cells, and two concentric groups of 
small cells behind these, as in Bathochordaeus, but lacks the median group 
which corresponds, ea hypothesi, to the lateral pair of Hisen’s oikoplasts, which 
it possesses as usual. In most Oikopleurids the ventral oikothelium shows 
little or no differentiation, all the cells remaining small. 

Chun and Lohmann took opposite views as to the house-forming potentialities 
of the oikothelium in their respective specimens. From the well-developed 
* Driisenpolster ’ in his giant specimens, Chun believed it capable of producing 
a house ‘as big as a pumpkin’. Lohmann, on the other hand, was inclined 
to the view that Bathochordaeus, which seemed to be more of a ‘ drifter’ than 
a ‘swimmer ’, and lacked Hisen’s oikoplasts, was incapable of producing more 
than a circumoral food-trap after the manner of a Fritillaria. Neither house 
nor ‘ nose-bag ’, however, has so far been found. The question must remain 
in abeyance until specimens in fuller oikoplastic activity have been discovered. 
In my specimens—obviously also in Chun’s (cf. figs. 2 & 11)—the anterior 
(suboral) band of giant-cells (a.b.c.) had produced a thick persistent bar of 
stiff jelly, but the patches of jelly produced elsewhere were irregular and 


insignificant. 


SYSTEMATIC POSITION. 


The discovery of a true Fol’s oikoplast in Bathochordaeus, having normal 
relations to the triple series of fibroplasts and with the usual number of giant- 
cells, involves the removal of this genus from the extreme position assigned 
to it in Lohmann and Biickmann’s survey of Oikopleurid genera (1926). Apart 
from its size when adult, and the backward displacement and lateral expansion 
of the intestinal loop—which the course of the nerve-cord shows to be a 
secondary phenomenon,—the most striking feature of Bathochordacus is its 
fundamental simplicity of structure: no oral glands, no specialized sub- or 
amphi-chordal cells in the tail, and no Kisen’s oikoplasts, which means no 
lateral ‘ filtering windows’ in the house. These three peculiarities are only 
known to occur together in one other Oikopleurid, viz. Oikopleura longicauda, 


a member of the fusiformis section of that genus. 
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In addition, however, to the common absence of oral glands and subchordal 
cells, many positive characters confirm the idea of a close relationship with the 
fusiformis group. The peculiar serial arrangement of the oikoplastic bands 
in Bathochordaeus is difficult to relate with the oikothelium of the labradoriensis 
group, in which ‘ Martini’s fields ’ tend to be large circular or triangular groups 
of cells on each side, and the ‘ oblique lines’ run beneath and behind them to 
join the great dorsal cells—‘ Aida’s ovals’ being feeble or absent. On the 
other hand, in the fusiformis group ‘ Aida’s ovals’ constitute large antero- 
lateral wings of the median group of great dorsal cells; their integration 
with the latter would at once produce the great dorsal oikoplast of Batho- 
chordaeus; while the more anterior course of the ‘ oblique line’ and the 
relatively undifferentiated ‘ Martini’s field ’ above it, together provide a pair of 
crescentic tracts readily capable of integration on each side to form Lohmann’s 
colloplasts (cf. figs. in Lohmann u. Biickmann, 1926). 

The suboral oikothelium of O. intermedia (a member of the fusiformis-group) 
is differentiated, as we have seen, on exactly similar lines to that of Batho- 
chordaeus, except for the absence of the duplex median group of cells ; while 
the dorsal tendency of the mouth in the group generally, its clear expression 
in the species just cited, the prominent left-sided caecum of most of the species, 
and the general conformation of the gonads, all bespeak the same relationship. 

On the other hand, several striking features of Bathochordaeus are shared 
only with the Fritillarian type, especially the sensory organs of the mouth, 
the superficial position of the spiracular rings, the right-sided anus, and the 
position of the latter behind the spiracles. The last three of these characters 
suggest the retention of features more archaic than are found in any species 
of Oikopleura, or indeed in any other member of the Oikopleurid family. 

It is possible that the post-spiracular position of the anus may have been 
induced by the backward displacement of the intestinal loop, but this factor 
has clearly not operated in the case of the Fritillarians themselves, while the 
superficial spiracles and the oral sense-organs furnish direct links with that 
family which are quite independent of the intestinal displacement. It follows 
that in all probability the Fritillarian characters of Bathochordaeus are truly 
primitive, and are relics of an Appendicularian organisation that prevailed 
before the evolution of the Oikopleurid type. This is corroborated by the 
absence of Kisen’s oikoplasts, since ‘ filtering windows’ are unquestionably 
an elaboration of the primitive * house’ (cf. my full discussion of this subject, 
1928, p. 125). It is significant that the same feature in Oikopleura longicauda 
is also associated with a Fritillarian character, the dorsal hood or veil, which 
in the same paper I have also shown to be in all probability the modified remnant 
of another archaic feature, the * blastophore ’ of Doliolid ancestors. 

Thus both Bathochordaeus and the fusiformis group of Oikopleura have their 
roots in a very archaic stock of Appendicularians, of which Fritillaria and 


Kowalevskia are to-day the highly specialized and, in some respects, degraded 
representatives. 
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This conclusion is in harmony with Lohmann’s general views, but at variance 
with certain features of Lohmann and Biickmann’s systematic treatment, 
which is somewhat lacking in consistency. They admit the archaic character 
of the house of O. longicauda (without ‘ windows’), but consider the labra- 
doriensis group of Oikopleura more primitive than the fusiformis group, owing 
to its possession of oral glands and subchordal cells, which Delsman derives 
from the embryonic subchordal gut. While still maintaining the reserve I 
have elsewhere expressed (Garstang, 1928, p. 139) as to the development 
of the oral glands, it is sufficient here to remark that both the glands and the 
subchordal cells are admitted to be highly specialized structures, and their 
alleged origin from the transitory subchordal gut cannot make their presence 
more primitive than the unspecialized embryonic condition itself, which is 
expressed in the fusiformis group by the complete absence of secondary 
derivatives. 

The taxonomic expression of the relations here indicated is not easy without 
breaking up the large and time-honoured genus Oikoplewra, and possibly 
interpolating a new family between the Fritillariidae and Oikopleuridae. There 
are, however, some suggestive relations between Bathochordacus and another 
bathypelagic genus, Megalocercus, which need elucidation before any such step 
can be properly considered. As I collected many specimens of Megalocercus 
during my visit to Bermuda, I propose to return to this question after 
completing my examination of them. 


In conclusion, my warmest thanks are due to the Director of the Bermuda 
station, Dr. Wheeler, and his assistant for their untiring efforts, often at great 
inconvenience, to supply me with material during my visit. Ina short time 
I hope they may have the satisfaction of fishing these wonderful waters from 
a seaworthy boat and with fuller appliances. 


SuMMARY AND CONCLUSIONS. 


1. The capture of two young specimens of Bathochordaeus off Bermuda 
and their excellent condition have permitted a complete description of the 
structure of this rare and remarkable Appendicularian. The new specimens 
differ in various respects from Chun’s and Lohmann’s accounts of the Valdwia 
material from the 8. Atlantic and Indian Oceans. 

2. The dorsal oikothelium possesses two pairs of crescentic ‘ oikoplasts ’ 
behind the mouth, with a triple series of small fibroplasts between them, viz. 
an anterior band of eight giant-cells (Fol’s) and a posterior one of twelve cells 
(here called Lohmann’s). Lohmann saw only the latter in his specimens and 
erroneously identified it with Fol’s. Chun’s statement that the original giant 
specimens of B. charon possessed. four pairs is lacking in corroborative detail. 

3. The general distribution of dorsal oikoplastic cells is shown to be comparable 
with that in Oikopleura, especially of the fusiformis type, but modified by a 
more regular succession of the jelly-forming colloplasts, which is unique. 


302 PROF. W. GARSTANG ON THE ANATOMY AND 


4. Eisen’s oikoplasts are absent as lateral structures, but may possibly be 
represented by a peculiar two-fold median group of similar structure in the 
ventral oikothelium. This implies that the normal lateral pair of ‘ filtering 
windows ’ may be represented in the house of Bathochordaeus by an unpaired 
ventral window. 

5. The dorsal mouth is provided with a short ventral lip (cf. Oikopleura) 
and a series of sensory papillae (cf. Fritillaria). 

6. The pharynx is provided with a normal pair of large gill-pouches (unlike 
Lohmann’s account), having wide internal apertures (unlike Chun’s account). 
The gill-pouches and external spiracles are not quite symmetrical, those of the 
left side being slightly in advance of those on the right. 

7. The oesophagus tapers gradually backwards as in Lohmann’s, not Chun’s, 
account, but its thick-walled aperture is twisted dextrally through 90° and 
the peripharyngeal bands are displaced with it. 

8. The anus opens on the right side behind the right gill-pouch (ef. Fritillaria). 

9. The heart is a large elongated structure with a muscular ventral wall 
on the left side between left spiracle and oesophagus (not a small postcaudal 
vesicle as in Chun’s figure). It is possible that its membranes were confused 
with those of the oesophagus by Chun (thus creating the idea of a ‘ crop’) 
and with those of the pharynx by Lohmann (thus masking the outline of the 
gill-pouches). 

10. A remarkable torsion of the nerve-cord, hitherto unknown and without 
precedent, shows that the intestinal loop has been secondarily displaced and 
extended on each side in the postcaudal (genital) region of the body. 

11. The gonads are immature, but in two stages of early differentiation 
from a crescentic parietal plate underlying the stomach. A peculiar intra- 
gonadial foramen in the larger specimen seems likely to herald an eventual 
bifurcation of both testis and ovary. 

12. There are no oral glands and no sub- or amphi-chordal cells in the tail. 

13. The closest affinities of Bathochordaeus are with the fusiformis group of 
Oikopleura, but there is a definite link with the Fritillaria type in certain 
characters (oral sensory organs, superficial spiracles, dextral postspiracular 
anus) which are suggestive of an archaic origin. 

14. Until the validity of Chun’s account of B. charon from the South Atlantic 
can be confirmed or corrected by new adult material, it is proposed to distinguish 
the Bermuda specimens as a separate species under the name B. stygius, sp. n., 
with distinctive features in the oikothelium, tail, gill-pouches, and oesophagus. 

15. The characters of oikothelium and pharynx described by Lohmann in 
young specimens, imperfectly preserved, from the Indian Ocean can no longer 
be accepted as valid or as representing a young stage of B. charon Chun. Their 
real structure is probably identical with that of B. stygius. The type, as 
described, is here distinguished as ‘ forma lohmanni ’. 

16. A tribute is paid to Lohmann’s distinguished life-work on Appendi- 
cularians, their food-traps, and the Nannoplankton. 
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REFERENCE LETTERS USED IN THE FIGURES. 


a.b.c., anterior band of colloplasts. 
a.f.c., anchoring filaments of collo- 


7.8.¢., inner sensory cells (of mouth). 
j., jelly (formed by a.6.c.). 


plasts. L., Left side. 

an., anus. L.c., Lohmann’s colloplasts. 

a.r., anterior rosette. l.g.p., left gill pouch. 

br., brain. l.pph., left peripharyngeal band. 

b.t., base of tail. l.sp., left spiracle. 

c., colloplast (giant-cell). | m., mouth. 

c.f., ciliated funnel. neh., notochord. 
c.m., caudal muscles. oes., oesophagus. 

d.l., dorsal lip. 0es.g.ap., oesophageo-gastric aperture. 
end., endostyle. | 0.8.¢., outer sensory cells (of mouth). 
f.c., Fol’s colloplasts. \ Fol’s ph., pharynx. 

F.f., Fols fibroplasts. J oikoplast. p.r., posterior rosette. 


f.t., fibrous tail (oikothelium). 
g.c., gastric caecum. 
g.d.c., great dorsal colloplasts. 
gn., ganglion (caudal), 
gon., gonad. 
g.v.w., genito-visceral wing. 


R., Right side. 
ret., retropharyngeal fold. 


r.pph., right peripharyngeal band. 


st., stomach. 
v.l., ventral (anterior) lip (of mouth). 


v.oik., ventral oikothelium. 


ht., heart. 
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INTRODUCTION. 


The data on which this paper is based were amassed during the past nine 
years, while I was endeavouring to compile a complete account of the structural 
and superficial variation of the species of the genus Hrebia. Thanks to the 
Trustees of the British Museum (Natural History), that account has been 
published in full detail +. At an early stage in my work the great extent 
of both structural and superficial variation was apparent, but it was only 
on nearing the completion of it that the possible value of the data derived 
from a study of this variability began to suggest itself. As the closest study 
of just one or two of even the most variable of the species dealt with would 
not reveal the facts concealed by this variability, it seems that the results 
demonstrated by the species as a whole are worth recording. 

In my Monograph I dealt with the genus Hrebia in a restricted sense ; my 
restriction was based on anatomical characters t. The result was a reasonably 
homogeneous group of 69 species, comprising no less than 224 subspecies. 
The latter term I apply to races which (so far as is ascertainable) exclude 
other races of the same species from the region of their distribution. These 
224 subspecies develop a further 90 associated forms—i.e. incipient races 
which occur with the parent subspecies in one or several localities. 

One of the first facts to become apparent from the data I amassed was 
that to deal with the species as the natural unit was to obscure the very facts 
of evolution which most required to be brought into prominence. I have, 


* The cost of reproducing these illustrations has been borne by the Westwood Fund. 

+ Warren, 1936, ‘ Monograph of the Genus Hrebia’, Brit. Mus. (N.H.). 

{ Warren, 1930, ‘ A Definition of the Satyrid Genera Hrebia, Callerebia, Paralasa, and 
Erebomorpha’, Ent. Record, xli, pp. 103—7. ; 
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therefore, dealt with the subspecies as the unit in this paper, merely considering 
species as groups of subspecies, and refer to them as ‘ specific groups % 

Of the 224 known subspecies I have been able to study the genitalia of 205, 
as well as some 50 of the associated forms, and have also made an exhaustive 
study of the androconial scales—a work which necessitated the mounting 
of about one thousand microscopic preparations and dissections. 


STATEMENT OF DATA RELATING TO VARIABILITY AS EXISTING 
IN THE SUBSPECIES OF Ereria, 

Early in my work it became evident that many of the subspecies exhibited 
differing degrees of variability, both superficial and structural. These 
differences, on being tabulated, showed that five recognisable classes of sub- 
species existed, which I will deal with as A, B, C, D, and E. In the 
following tabulation class A is taken as the standard with which the other 
classes are contrasted. ‘Constant’ must be understood as not only covering 
the extreme cases which merit the term, but also a considerable range of 
deviations from an assumed type: such deviations being mostly of a very 
insignificant nature :— 


Nature and relationship of subspecies in class. 

A. Solitary subspecies not related to subspecies of any other class. 

B. Groups of two related subspecies not related to subspecies of any other 
class. 

C. Groups of three or more related subspecies (without limit of numbers) 
often related to subspecies in class D or E. 

D. One or more subspecies related to class C subspecies. 

K. Single subspecies related to class C subspecies. 


Huxtent of superficial variability (colour and pattern). 

A. Constant. 

B. Slightly variable. 

C. Excessively variable. 

D. Slightly variable (» little more so than in B). 

K. Constant. 

Exient of structural variability (genitalia). 

A. Constant. Structural formation specialized ; in some cases very highly. 

B. Constant. Structural formation similar in both subspecies of each group. 

C. Considerable variation on similar lines in each subspecies of any group. 

D. Very variable, tending to develop specialized characters not found in 
related C subspecies, but also wanting in some individuals of every D sub- 
species. Such individuals are typical, superficially, of the D subspecies 
to which they belong. 

EK. Constant but for presence of specialized characters wanting in related 


Nig J 21Aq =] : : . ‘ee 
C subspecies, present though of varying development in each individual 
of the E subspecies, 
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Number of subspecies in each class. 
A. 22 in 22 specific units. 
B. 20 in 10 specific groups. 
C. 132 in 29 specific groups. 
D. 19 in 9 specific groups. 
K. 2 in 2 specific groups. 


Before giving the lists of the subspecies composing these classes the following 
points must be noted :— 


Throughout this paper trivial names are used in their restricted subspecific 
sense only; the nomino-typical subspecies of each group is distinguished 
by its name being in small Roman capitals ; semicolons are used to separate 
the various groups, and, when the nomino-typical subspecies of a group is not 
a member of the class under consideration, its name is added in brackets after 
those of the other subspecies of the group. As the genus Hrebia alone is dealt 
with, it has not been thought necessary to prefix each name with the generic 
initial. 

Class A includes :—CLAUDINA ; FLAVOFASCIATA ; CHRISTI; KEFERSTEINII ; 
KINDERMANNI ; VIDLERI; CYCLOPIUS; WANGA; MAGDALENA; EDDA; SIBO; 
KALMUKA ; EPIPSODEA ; YOUNGI ; KOZHANTSHIKOVI ; DABANENSIS ; GORGONE ; 
SCIPIO ; ZAPATERI ; PALARICA ; FLETCHERI ; and ATRAMENTARIA. 

Class B includes :—sENISEIENSIS and fasciola; ERIPHYLE and _fristis ; 
FASCIATA and semo; TURANICA and laeta; OCNUS and tianschanica ; AETHIO- 
PELLUS and mediterranea; MONTANUS and homole; MELAS and leonhardi ; 
probably also HEWITSON and sideris; and RADIANS and koreana ; but the 
structural features of sideris and koreana are not known. 

Class C includes :—1LiaHA, kamensis, carthusianorum, ajanensis ; EURYALE, 
ocellaris, adyte, antevortes, euryaloides ; MANTO, mantoides, vogesiaca, osmanica, 
trajanus ; EPIPHRON, silesiana, mackeri, pyrenaica, aetherius, cydamus, tran- 
sylvanica ; PHARTE, thynias (another in D) ; MELAMPUS, tagranes (another in D) ; 
AETHIOPS, sapaudia, rubria, salaria, fogarasica, melusina ; NERIENE, alcmenides 
(another in E); AtomEna, tatsiena, veldmani, minschani ; TRIARIUS, evias, 
granjana, euryklia, letincia ; ROSSI, erda, ero; EMBLA, dissimulata, succulenta ; 
pisa, stekeri, festiva, mancinus; MEDUSA, psodea, euphrasia, brigobanna, 
hippomedusa, alpestris, dolomitica, hyperappinnina, polaris, uralensis, transiens ; 
META, alexandra, mopsos, gertha, melanops ; lena, yablonoica (DISCOIDALIS) ; 
lederi, stubbendorfii, connexa, ethela, demmia, canadensis, approximata, pawloskiu 
(THEANO) ; PLUTO, oreas, anteborus, velocissima, alecto, nicholli, dolomitana ; 
GorGE, albanica, ramondi; EPISTYGNE, viriathus (another unexamined) ; 
OTTOMANA, bureschi, balcanica, durmitorensis, benacensis ; TYNDARUS, sem- 
murina, macedonica, rondout, arvernensis, goya, hispania ; sibirica and several 
others, see D (CALLIAS) ; PRONOG, tarcenta, varia, fruhstorferi, psathura, vergy, 
gardeina, glottis ; triglites, steluiana, styx, gyrtone (STIRIUS) ; NEORIDAS, sibyllina, 
lozerica ; OEME, noctua, pacula, spodia ; MEOLANS, stygne, tetrica, posidonia 


gavarnica, almada, bejarensis ; PANDROSE, roberti, cubiniaca. os 
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Class D includes :—constans (MANTO); orientalis (EPIPHRON); eupompa, 
(PHARTE) ; sudetica (MELAMPUS) ; DISCOIDALIS ; THEANO ; carmenta, tran- 
sylvaniensis, murina, subcassioides, aquitania, dromulus, graucasica (TYNDARUS) ; 
altajana, iranica, sheljuzhkov, CALLIAS ; STIRIUS, morula. 

Class E includes :—sthennyo (PANDROSE) ; sajanensis (NERIENE). 

There remain ten subspecies which do not come into any of these classes ; 
they will be referred to again. Beyond them the following nineteen subspecies 
are not accounted for, as specimens were not available for dissection :— 
takononis (LIGEA) ; nmemon, amisus (EPIPHRON) ; magna (AETHIOPS) ; NIPHO- 
NICA, scoparia, doit ; venaissima, rebeli (TRIARIUS) ; generosa, narona (MEDUSA) ; 
triglavensis, kaseria (PLUTO) ; gigantea (GORGE) ; andera (BPISTYGNE) ; zulines 
(PRONO) ; etrusca (NEORIDAS) ; marmolata (PANDROSE) ; and ERINNYN. 

Having thus briefly outlined these five classes, the variability exhibited 
by the included subspecies must be described in a little more detail. 

The first class, A, is composed of solitary subspecies (i.e. cases of a single 
subspecies representing a species). In it the superficial variability is very 
limited, practically non-existent in some cases, such as in MAGDALENA and the 
featureless ATRAMENTARIA. Only four forms are known in the twenty-two 
subspecies, namely: f. thiemei and f. warrent (FLAVOFASCIATA) ; f. mongolica 
(stpo); and f. castiliana (ZAPATERI). These forms, therefore, only occur 
to the extent of, approximately, 18 per cent. of the number of subspecies. 
The occurrence of aberrations is rare, in fifteen of the subspecies no aberration 
has been described. Ina few cases variability is asserting itself, and in CLAUDINA 
aberrations are not infrequent, though not occurring with anything like the 
frequency which prevails in class C subspecies. Structural variability is also 
at the minimum. 

In B every subspecies is associated with a second in the specific group, 
the superficial variability is of slight nature, but striking aberrations are more 
often found, and there is a marked increase in the proportion of forms, eight 
having been described in the twenty subspecies, namely : f. minima (JENISEI- 
ENSIS) ; f. intermedia (ERIPHYLE) ; f. avinoffi (rAScIATA) ; f. jucunda (TURANTOA) ; 
f. progne (RADIANS); f. apenninigena (MONTANUS); and f. nanos and 
f. schawerdae (MELAS). The proportion of forms, therefore, stands at 40 per cent. 
of the subspecies. Structural variability is slight, and agrees in nature with 
that found in A, such as occurs being common to both subspecies of the group. 

In C the groups of related subspecies are greatly enlarged, as many as 
sixteen subspecies existing in one specific group, though some of them fall 
in class D. Superficial variability is universal, and sometimes very pronounced, 
aberrations are extremely numerous, and the following forms are known : 
f. dovrensis, f. nikostrate, f. ceca, f. permagna, f. herculeana, f. siscia, f. kamt- 
schadalis, f. sachalinensis (L1GHA) ; f. isarica, f. syrmia, f. tramelana, f. segregata, 
f. brutiorum, f. phoreta, f. cantabricola, f. pyraenaeicola, f. arctica (EURYALE) ; 
f. pyrrhula, f. caecilia (MANTO); f. nelamus, f. amplevittata, f. retyezatensis 
(EPIPHRON) ; f. pellene (pHARTE); f. momos (MELAMPUS); f. caledonia, 
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f. altivaga, f. wralensis, f. derufata (AETHIOPS) ; f. szetschwana (ALCMENA) ; 
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f. kuskoquima (rossi) ; f. slovakiana, f. sylvatica (MEDUSA) ; f. issyka (META) ; 
f. alaskensis, f. aequalis (THHANO); f. belzebub, f. turbo, f. carolia (PLUTO) ; 
f. karwendeli, f. rudkowskii, f. triopes, f. erynis, f. hercegovinensis, f. pirinica, 
f. elisabethae, f. carboncina (GorGE); f. vesagus (TYNDARUS); f. simulata 
(CALLIAS) ; f. almangoviae (PRONOii); f. orobica (stIRTUS); f. pyrenaeensis, 
f. nicochares (NEORIDAS) ; f. lugens, f. philiata, f. vetulonia, f. zagora (OEME) ; 
f. calaritas, f. valesiaca, f. styriaca, f. freyeri, f. charea, f. guitata, f. zagazia 
(MEOLANS) ; f. aglawros (PANDROSE) ; altogether 64 forms in the 132 subspecies, 
making the proportion of forms practically 48} per cent. of the subspecies. 

Structural variability is also considerable, though not present in so high 
a percentage of individuals as the superficial—such deviations as occur being 
common to all subspecies of a group. 

In D all the subspecies are units of specific groups in which the other sub- 
species are members of class C, but they show much less superficial variability 
than the subspecies of the latter, and the proportion of forms has fallen to 
just over 26 per cent. The following forms are known: f. gnathene (MANTO) ; 
f. radndensis (MELAMPUS) ; f. majellana, f. paracleo (TYNDARUS); f. nerine 
(STIRIUS) ; altogether only five forms in nineteen subspecies. 

There is, on the other hand, much more structural variability, a large majority 
of the individuals of each subspecies show a specialized structural development 
of very varying nature, highly developed in some individuals and scarcely 
distinguishable in others, while in the remaining individuals this development 
is wanting, the structural formation being as in the related C subspecies. 

In E superficial variability is very slight, no more than in A, no forms are 
known. The structural variability is less marked than in D, though still well 
in evidence in the specialized character which distinguishes the subspecies from 
the C subspecies of its specific group. This specialized character is present 
in every individual, though varying in development in each. 

We must next consider the ten subspecies previously mentioned as not 
falling within any of these five classes. They are (in the order in which I will 
refer to them) :—MAURISIUS ; ALBERGANUS, cefo; LEFEBVREI, astur; dolo- 
mitensis, cassioides (TYNDARUS) ; MELANCHOLICA; MNESTRA; and RHODO- 
PENSIS. 

First, MAURISIUS ; being a solitary subspecies it should be placed in class A, 
but it displays a much greater tendency to superficial variation than most 
subspecies of that class ; also an appreciable amount of structural. In addition 
it has two highly developed forms: f. elwesi and f. haberhauert, both of which 
seem to be but little removed from subspecific standing. Had either form been 
slightly more developed, MAuristus would have fallen naturally into class B. 
As it is, it remains a transition between A and B, decidedly removed from 
A, but still not agreeing with B. 

In ALBERGANUS and ceto we have a related pair of subspecies, which should 
apparently be included in class B, but they exhibit a much more marked 
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degree of structural variability than is normal to that class—indeed, the difference 
in clasp formation to be found in some individuals of ALBERGANUS and. ceto 
suggests the beginning of a specialized subspecific character, such as occurs 
in class D. In view of this structural variability these subspecies cannot be 
placed in class B, but also fall short of C both in the extent of individual 
variability and numbers of subspecies. In connection with ceto there are 
no fewer than five forms, namely :—f. rhodocleia, f. tyrsus, f. abetonica, f. obscura, 
and f. phorocys. ALBERGANUS is without forms. Some of the ceto forms are 
highly developed, but, though one or more of them may eventually become 
pure races, the fact that they are known at present to occur only in connection 
with ceto cannot be overlooked, and these two subspecies cannot be included 
in class C. They constitute, however, an unmistakable transition between 
classes B and C. 

Next LEFEBVREI and astur, another specific group of two subspecies, which 
differ from the normal B groups in the presence of very considerable structural 
variability. Both also have connected forms, namely :—f. rowlandi (LEFEB- 
VREI) ; and f. pyrenaea (astur). Of these forms, rowlandi is so nearly a pure 
race that in certain districts of the western Pyrenees the parent subspecies is 
only very occasionally found with it. This is a parallel case to the last, and 
a still more marked transition between the B and C classes. 

Next dolomitensis and cassioides, members of the large TYNDARUS group, 
which numbers sixteen subspecies, falling in classes C and D. 

In the amazing superficial variability exhibited by cassioides it agrees with 
class C subspecies—indeed, surpasses many of them. In its structural vari- 
ability, the presence of a specialized formation of the clasp in a very considerable 
number of individuals connects it with the D subspecies. Dolomitensis displays 
the same characteristics, though not of quite so extreme a nature. These two 
subspecies are an unmistakable transition between the C and D classes. 

Before leaving the TYNDARUS specific group I must mention the subspecies 
murina,which has been included in class D, although the specialized structural 
character which indicates that class occurs in murina in such a high percentage 
of individuals that the question of whether it should not be placed in class E 
naturally suggests itself. It was retained in D, however, because not only 
is the superficial variability that of a D subspecies, but very occasionally the 
peculiar structural feature is so modified as to be closer to, though not identical 
with, the formation existing in the C subspecies of this group. The class E 
is the most specialized one, and, as well as the characters already mentioned, 
a feature of the subspecies included is the fact that they are very localized, 
each being confined to certain areas of a single mountain chain. Murina, 
as well as failing to fulfil the absolute standard of structural specialization, 
has a wide distribution, occurring in Switzerland, Italy, France, and Spain. 
It is best, therefore, retained in class D, though in some respects it constitutes 
a transition to E. 

There exists, then, a complete series of subspecies showing transitional degrees 
of variability between every class of subspecies from A to E. The three 
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remaining subspecies (MELANCHOLICA, MNESTRA, and RHODOPENSIS, familiar 
to entomologists as species), standing in subspecific isolation, should be placed 
among the A subspecies. I have dealt with them as species in my monograph 
on the grounds that they cannot be united with any other existing subspecies, 
but they exhibit characters not altogether in agreement with other class A 
subspecies. 

Of the three MELANCHOLICA is so little removed from the NEORIDAS specific 
group that some systematists might question my judgment in separating it from 
them. (My reasons for doing so are given, l.c., 1936, p. 346.) The structural 
specialized characters of MELANCHOLICA are of little prominence, but they are 
too constant to permit of its being included in class E. It remains a fact, 
however, that in structure MELANCHOLICA shows closer affinities to the 
NEORIDAS group than any other A subspecies does to any other existing 
subspecies. MELANCHOLICA actually cannot be classed in either E or A, but 
its affinities are closest the latter. The positions of MNESTRA and RHODOPENSIS 
are slightly different. No worker could question their specific standing, but 
the structural variation exhibited by both is so pronounced that they would 
appear to be best placed in HE. ‘That course, however, was rendered impossible 
in the case of RHODOPENSIS, for, owing to general specialization in structure, 
it cannot be associated with any other existing subspecies. With MNESTRA 
the same facts prevail but the possibility of associating it with AETHIOPELLUS 
might be suggested. Personally, I consider such a course would be a mistake. 
The true fact seems to be that, while RHODOPENSIS and MNESTRA cannot be 
classed in E, they lack the stability of structure prevailing in A, and so are 
a transition between E and A, showing unmistakable affinities with both. 

The existence of such transitions is not only remarkable, but quite opposed 
what might have been expected, for the classes A and E represent the extremes 
of what has appeared to be a series of diverging classes. If, however, one 
compares these classes, it will be noted that the E subspecies are related to 
subspecies in another class and the A are not, but, apart from this fact, the 
two classes differ only slightly in the degree of variability exhibited—being 
in this respect no further separated than any two of the other classes. 

In E the specialized structural character is present in every individual, but 
differs in development practically in each. In A the specialized character 
is a stable one, typical in each individual, such structural variability as exists 
being reduced to minor fluctuations in the less specialized processes. Super- 
ficial variability is negligible in both Eand A. In any tabulation of the various 
classes, then, A follows E in the same manner as E followed D. 

In class A all variability is at a minimum, in B and C it is increasingly in 
evidence, the superficial somewhat more pronounced than the structural, 
the former at its height in C, the latter in D, where the superficial is markedly 
less, and in E the superficial has almost disappeared and the structural also 
diminished, except in the specialized character or characters. These facts 
disclose the presence in each subspecies of a dual activity of variability—that 
affecting the structural and that affecting the su perficial components of the 


312 MR. B. C. S. WARREN ON THE EVOLUTION OF 


individual. The climaxes of this dual activity are clearly separated, and a 
certain ratio between the two manifestations is present in every class, but 
changes from class to class and in the transitional subspecies. Between species 
and species, however, in any given class it is uniform. Taking the superficial 
variability as the antecedent of the ratio, we see that in A the ratio is more 
or less equal, in B and C it is one of greater inequality, while in D and E 
it is of lesser inequality. When subspecies of one specific group are found 
in two classes, as in C and D, or in C and E, the phenomenon of intra-specific 
alternation in the activity of variability exists—the ratios between C and D, 
or C and E, being inverse. 

The subspecies which exhibit this phenomenon are in the MANTO, EPIPHRON, 
PHARTE, MELAMPUS, DISCOIDALIS, THEANO, TYNDARUS, CALLIAS, and STIRIUS 
groups, in which subspecies are found in both C and D; and in the PANDROSE 
and NERIENE groups, in which the subspecies are found in both C and E. 

The general range of distribution and localization of subspecies must now 
be referred to. This maintains a certain ratio to variability. 

In A the twenty-two included insects are local : some like CHRISTI, CLAUDINA, 
PALARICA, FLETCHERI, extremely so ; others like ATRAMENTARIA, MELANCHOLICA, 
MAGDALENA, VIDLERI, KEFERSTEINII, KINDERMANNI, GORGONE, etc., more 
wide-spread, but confined to a single range of mountains ; yet others still more 
so inhabiting the whole area of an alpine system, though, so far as can be 
gathered, occurring only locally within that area (DABANENSIS, KALMUKA, 
SIBO, ZAPATERI, etc.)—only two, CYCLOPIUS and EDDA, having a really extended 
range, but even so records always refer to them as ‘local’. In B, with two 
subspecies in each group, the distribution is much wider, though still often 
local, rasctaTA extending right round the globe in high latitudes, but very 
local ; ERIPHYLE widely spread throughout the central European Alps, always 
local ; MONTANUS more wide-spread and less local, but by no means universal, 
etc. In C, where the maximum of subspecies is attained, the insects are most 
often universally distributed in mountain areas, some having a really great 
range, like PANDROSE, which ranges from the Pyrenees to Scandinavia and the 
mountains of central Asia. In the specialized D and E classes the range 
shrinks in agreement with the extent of specialization, some D class subspecies, 
like cALLIAs and transylvaniensis, still occurring over a considerable area, 
though somewhat locally, others being more limited, and constans having 
a very limited range indeed. In E the two included subspecies are each 
confined to parts of a single mountain range. If one compares the tabulation 
of the variability with these notes, it will be seen that expansion and contraction 
in distribution are correlated with a greater or lesser degree of variability. 

It is well known that within the limits of the area of distribution of any 
given subspecies there exist colonies (greater or smaller), which are cut off 
from the other colonies of the same subspecies and are subject to very 
localized conditions. The ratio between the variability and general distribution 
of the subspecies, as a whole, is not affected by such colonies, for they exhibit 
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the degree of variability normal to the subspecies. The following are a few 
examples, taken from my own experience and records by other writers. 

In the Ueschinen Tal near Kandersteg in the Bernese Oberland, in a rough 
alpine meadow less than a couple of hundred yards long, there exists a colony 
of OnME and its form lugens. In this limited area it flies in hundreds, and 
variability is so prevalent that it is difficult to obtain half a dozen identical 
individuals. The degree of variability and vigour of numbers are not 
surpassed by any of the more wide-spread colonies of this variable insect. 

Another well-known example is the colony of f. segregata of ssp. ocellaris 
(EURYALE), above Gurnigel in the Bernese Oberland. With it occur colonies 
of OEME and PHARTE. These colonies have been familiar to Swiss entomologists 
since Meissner’s day, in 1818, and probably before it. The colonies are com- 
pletely cut off from the nearest colonies of the same races to the south of the 
Stockhorn, and the insects are always mentioned as occurring in countless 
numbers and being incredibly variable. 

In 1913 I found a small colony of f. segregata in a valley south of the 
Grammont, in the Canton Valais. It was confined to a rough piece of ground 
searcely fifty yards square. Only a small number of specimens were seen, but 
almost every one differed. ‘This colony showed no change in either numbers 
or variability when I last visited it in 1925. 

Another well-known example is the colonies of antevortes (EURYALE) and 
constans (MANTO), in the Val d’Ossue near Gavarnie in the Pyrenees. Writing 
of antevortes in this locality, Rowland-Brown remarked (Entm. 1912, p. 21) : 
‘The range of variation is this single valley within a quarter of a square mile 
was simply astonishing. I hardly seemed to take two alike’. Even constans, 
in spite of the great reduction of all markings which characterizes the race, 
shows an extent of variability which would never be expected. 

As an example of an A subspecies, I would mention CHRISTI, which occurs 
in some localities in the Laquintal on the south side of the Simplon Pass and 
in that immediate neighbourhood. Some miles higher up the Pass road, there 
exists a small colony confined to a cliff-face, scarcely thirty yards broad and 
somewhat less than a hundred feet in vertical range. I have known this 
colony for thirty years, it is the most restricted colony of an Hrebia species 
that I have ever found, yet out of twelve specimens kept from there two were 
moderately marked aberrations, while over the same period I have only taken 
four aberrations among some sixty specimens from the more extended localities. 
In numbers, the colonies of the valley far outnumber the cliff-colony, yet this 
limitation in numbers of individuals appears to have no more adverse effect 
on the presence of variability than the other abnormal conditions under which 
this colony is living. 

A further example of an A subspecies is given by FLAVoFrascIATA, two local 
forms of which occur in the Engadine. One of them, f. thiemez, occurs on the 
Schafberg at Pontresina, where it spreads in separated colonies for about 
one mile. Within this area, the mingling of individuals of different colonies 
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may often occur. The variability produced is fully equal to that found in the 
more wide-spread FLAVOFASCIATA. The second, f. warreni, is confined to a 
much more restricted area on the southern side of the Piz Tschierva ; in it 
variability is more frequent and more marked than in either FLAVOFASCIATA 
or thiemet. 

Many further examples could be given, but it seems unnecessary, collectors 
familiar with the Alps will recall many from their own experience. 

The cases given are sufficient to show that: (1) Isolated and localized colonies 
normally exhibit the same degree of varietal activity as prevails in the sub- 
species in other localities. (2) That in the case of an A subspecies there can 
even be an increase in variability in a very localized colony. (3) That vari- 
ability in isolated colonies is not affected by the numerical strength of the 
colony. 

T must now briefly refer to the proportion of forms again :— 

As already shown, in A the forms stand at 18 per cent. of the subspecies, 
in B at 40 per cent. The latter figure represents the percentage in B in its 
strict sense, and leaves out of consideration those transitional subspecies of 
which there is one between A and’ B with two forms, and four between B and C 
with seven forms. In tabulating the occurrence of forms one cannot ignore 
these subspecies, yet they cannot be dealt with as a separate class, for they 
do not show a common degree of variability. In the range of the latter, 
however, they fall between A and C, and to that extent agree with B—so, for 
purposes of calculating form occurrence, they can only be connected with the 
latter. 

On adding these transitional subspecies to the B totals, we have twenty-five 
subspecies including seventeen forms—so the latter stand at 68 per cent. This 
is a high percentage, but it will be seen to be a very fair estimation if one 
recalls that taking the four subspecies, which are transitional between B and C 
as a unit by themselves, the percentage would be no less than 175 per cent. 

In C we have the numerical preponderance of subspecies, as well as the 
greatest degree of superficial variability in the individual ; but the proportion 
of forms stands at only 48} per cent. In the more specialized classes, the 
percentage of forms stands at just over 26 per cent. in D, while in E forms 
are wanting in both the included subspecies. One must add that if the five 
transitional subspecies which exist between C, D, E, and A were included 
with any of these classes, it would only lower the percentage still further—for 
there are no forms connected with these subspecies. These figures show that 
the principal period of form production coincides with a period of low 
variability (B), while the greatest number of subspecies in the specific group 
coincides with the period of greatest variability (C and D). 

An objection which may be raised to the figures given is that some of the 
races I deal with as forms have been classed as subspecies by other writers. 
This, however, is immaterial, for I am concerned with the percentage of 
occurrence of those forms only which occur in company with individuals 
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of another race and those which are pure races (subspecies), excluding any other 
pure race from the area of their distribution. If another worker likes to call 
some highly developed forms ‘ subspecies ’, such an action would not alter the 
fact that a certain proportion of individuals of his subspecies were units of 
another subspecies. 

From an exposition of data such as this, it must be extremely difficult for 
a reader to visualize the actual facts as they appear to the observer who has 
collated them. It may, therefore, not be superfluous to give a very brief 
summary of the main facts which have been recorded :— 

In Erebia, as represented by 205 subspecies and 90 forms out of a total 
224 known subspecies: five classes of subspecies were defined and placed in 
order of increasing variability. It is found that : 

(1) The increase in variability is not continuous, but declines again. 

(2) Ten subspecies are incompatible in these classes; they prove to be 
transitional between each class and the preceding and following ones. 

(3) The most remote class is connected in this manner to the first as well as 
to the preceding class. 

(4) The observable variability is dual in nature, affecting the superficial 
and structural components of the individual in unequal intensity, the climaxes 
of the two never coinciding. 

(5) The ratio of this dual activity is (approximately) equal in class A only. 

(6) The ratio varies from class to class, and is subject to alternation intra- 
specifically. 

(7) The sequence of this alternation is uniform in all species. 

(8) The extent of distributional range of a subspecies follows a certain ratio 
to the extent of variability. 

(9) The degree of variability in any one subspecies is uniform in all colonies 
of that subspecies, regardless of local environment, extent of area inhabited, 
or numerical strength of the population. 

(10) The maximum development of forms (in proportion to subspecies) 
coincides with a low proportion of subspecies in the specific group and a com- 
paratively low degree of variability. 

(11) The greatest number of subspecies in the specific group coincides with 
the greatest variability, both structural and superficial. 

(12) Variability decreases as specialization of character increases. 

Such are the facts. 


CoNCLUSIONS. 

The general inferences I have drawn from a long study of the facts recorded 
and the races from which they have been derived, both in the field and museum, 
may be summarized as follows :— 

The evolution of the subspecies is dependent on a recurrent period of vari- 
ability, following on a period of (seeming) stability, causing the appearance 
of variable forms, which ultimately become stable again. 


316 MR. B. C. S. WARREN ON THE EVOLUTION OF 


The rise and decline of this period are characterized by a definite alternating 
sequence in the spheres and force of the activity of variability—which sequence 
is uniform in all species. 

Such a phenomenon, which must be unaffected by any external influence 
and independent of any particular specific constitution, can only be accepted 
as the manifestation of some unknown activity appertaining to the nature 
of living matter. 

It has been shown that at the present time every class (or stage of develop- 
ment) in which a subspecies exists is connected closely to every other class, 
producing a chain of forms starting from the constant isolated subspecies, 
passing through groups of related subspecies of great variability, to isolated 
subspecies again. Throughout this chain the course of the dual activity of 
variability can be clearly followed; the superficial just in advance of the 
structural in the early stages, and until its climax has been attained, then it 
declines while the structural is still increasing until that too subsides. It was 
also shown that a few individuals of each D subspecies, though superficially 
typical of the subspecies to which they belong, show structural agreement 
with C subspecies of their group. All D subspecies are, therefore, examples 
of the final development of structural variability taking place after the climax 
of superficial variability has given place to the reduced degree of such 
variability normal to D. ‘To say all this is mere coincidence is only ignoring it ; 
the only alternative is to assume that these stages form a natural sequence 
in the evolution of the subspecies. We have seen these stages are characterized 
by the development of the specific group, as well as by the activity of 
variability and distributional range of the units of the group. These group 
and unit characteristics always maintain their correlation. Even when sub- 
species of one group exist in two stages, this does not prevent inter-specific 
agreement between the units and those of other specific groups at both stages, 
the differing specific constitutions not affecting the results. The degree of 
variability is, in fact, uniform in all species at any stage—a proof that all are 
reacting to some common cause which is influencing their evolution, and 
which must be of a more fundamental nature than the specialized factors of 
their several specific constitutions, inherited from the parent subspecies or 
species, the action of which must tend to divergence and not uniformity. 

In this connection it is worth recalling that Sumner records, from experiments 
with subspecies of the genus Peromyscus, bred under changed environment 
for periods of from one to twelve generations, that ‘there was no tendency 
towards convergence, under the influence of a common environment ’ and that 
‘ there was actually a slight divergence in respect of all but one of the characters 
measured ’ *, 

The tendency to divergence in this case must have lain in the constitutions 


of the individual subspecies, and it was unaffected by change of, or similarity 
in, environment. 


* Sumner, F. B., 1924, ‘ The stability of subspecific characters under changed conditions 
of environment ’, ‘ American Naturalist ’, lviii, p. 504. 
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These facts make the uniform effects of variability in the subspecies we are 
considering all the more remarkable, especially as these subspecies are dis- 
tributed all round the Northern Hemisphere, and subject to the widest diversity 
in habitat possible to any species within the genus. Our assumption of a 
common controlling influence, more fundamental in nature than specific 
constitution, is therefore strongly supported. 

I have shown that a certain agreement exists between the degree of vari- 
ability and the range in distribution of a subspecies. The importance of this 
fact may not be apparent, but it is not merely (as might be suggested) that 
as the distribution of a species widens, so on the base of numerical increase 
of individuals variability also is multiplied, but that the most effective action 
of variability has preceded and led to the increase in numbers of subspecies. 
This is proved by both the rise and fall of variability as demonstrated by the 
succession of stages and the percentage of forms. 

It was shown that the highest percentage of forms exists in B, a period 
at which there are comparatively few subspecies in the specific group. The 
greatest effect of the activity of variability (i.e. that which leads to the 
appearance of the greatest number of new forms and subspecies) has therefore 
been attained long in advance of the period of greatest individual variability. 
The falling off in form production, which has been shown to coincide with this 
period (C) and which becomes increasingly marked in D, indicates that this 
great extent of individual variability does not imply any corresponding increase 
in the activity of variability, but rather that large numbers are now able to 
give full scope to the possibilities of variation latent in the constitutions of the 
existing strains. There is no suggestion of any decrease in numbers in these 
stages or the following, but the superficial variability is rapidly declining, 
while the still developing structural variability is tending to effect specialization 
in the existing subspecies. In the specialized stage EK, forms are non-existent. 
The varietal forces are, in fact, subsiding so rapidly that the effects of selection 
and localization are enabled to bring about some approach to stability. 

These facts prove that the correlation between the degree of variability and 
the range in distribution is no mere matter of variability increasing in pro- 
portion to expanding numbers, but that it is dependent on the early activity 
of variability affecting all species at a given stage in organic development. 

It may be suggested that the stability in the superficial characters of an E 
subspecies is to be attributed solely to the action of selection, working on a very 
localized race. But, although I am fully convinced that a very great power 
is exercised by selection, it appears from our data that selection operating 
by itself would not be able to bring about this stability if opposed by the full 
force of variability. We have seen that the power of variability has produced 
identical results at corresponding stages of development in a number of distinct 
species, which implies that it must be capable of overpowering selection at times. 
Confirmation of this is also found in the fact that the same degree of variability 
exists in the most isolated and restricted colonies of a subspecies as that present 
in the wide-spread colonies. If unaided selection is capable of producing 
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stability in a localized subspecies, how could this fact be explained? It does 
not seem possible, therefore, to deny that variability in general is the outcome 
of some fundamental activity relating to the constitution of living matter 
such as I have postulated, and that the results of this activity attain greater 
proportions at certain stages of organic development than others, and that it is 
in the periods of rise and fall before and after the period of maximum varietal 
disturbance only that selection can operate to a sufficient extent to produce 
a stability approximating that existing in the E subspecies. 

As we know, the E subspecies are still unmistakably connected with others 
of class C, and in this particular very distinct from A subspecies. The discovery 
of transitional subspecies clearly approximating to both E and A was therefore 
very unexpected, but their existence proves that the decline of the period of 
varietal activity leaves the subspecies in that stage of development in which 
that activity first becomes apparent. These trans'tional E—A subspecies 
are therefore a living example of a developing strain or primary subspecies 
becoming established as an isolated subspecies—i.e. a new species. 

These considerations point to one conclusion, that the differing degrees 
of variability exhibited by the existing subspecies are not merely linked by 
chance, demonstrating nothing more than a collection of haphazard variations, 
but are, as LT assumed, a sequence of varietal stages through which all subspecies 
pass in the course of their evolution. Further, this cycle of variability must 
be a perpetually recurring phenomenon. 

Some of the solitary A subspecies exhibit very highly specialized structural 
features, which bear little or no resemblance to those of any other living form 
(such as can be seen in ATRAMENTARIA, WANGA, and to a less degree in 
MAGDALENA). The majority (like CHRISTI, KEFERSTEINII, KINDERMANNI, etc.) 
are not so far removed from the formations existing in subspecies of other stages. 

If the cycle of variability is the normal evolutionary course of a subspecies, 
it follows that on passing from EK to A the new specific subspecies will still 
resemble its parent subspecies, even though not so clearly that without earlier 
knowledge it would be impossible to determine which the latter might be. 
The change in the subspecies attaining the final (first specific) stage is no greater 
than the change between any of the previous stages. The extent of the 
structural differences of the new species have, in fact, been determined while 
the subspecies was passing from D to E and still quite obviously connected 
to the parent. It is therefore clear that most newly isolated subspecies will 
not be differentiated by very pronounced characters from other existing sub- 
species, which is most often the case if one compares class A subspecies with 
others. How then is one to account for the amazing formations such as are 
found in ATRAMENTARIA ?@ 

It has already been pointed out that the cycle of variability which leads 
the subspecies to the solitary stage cannot be a unique phenomenon—it is 
recurrent ; the constancy of the newly isolated subspecies is, in fact, only 
apparent, and in due course variability will reappear. The cycle of variability 
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appears as a wave of instability, developing gradually and affecting the entire 
organism, causing variability to appear in every part of its composition. With 
the decline of the wave certain elements begin to establish themselves. Then 
after a period the new solitary subspecies must begin to be affected once 
more. 

Such, briefly, is an outline of the subspecific cycle, but there is no suggestion 
that the chief characters developed (either superficial or structural) have been 
the only ones undergoing change, or that they are the outcome of one strain 
of variation or one continuous period of development. The existence of many 
deviations from type, of more or less stable nature, as seen in recurring aber- 
rations or forms, shows that breaks in development are a normal feature. Such 
deviations have arisen as varieties in place of other stable features, and in turn 
have become more or less stable, thus breaking the continuity of development. 
These breaks indicate either the limitations of the components of the variety 
or a temporary suspension of the activity of variability. The former appears 
the most probable, for variability in other features remains in evidence in such 
cases. Further, these breaks cannot indicate corresponding breaks in the 
fundamental activity I have assumed to be the cause of all variability, for did 
any such break occur it would be impossible that the existing correlation between 
the alternating sequence of varietal climaxes and given stages of development 
in the life of a subspecies could be maintained. The fact that these breaks 
appear in minor developments, present in a very limited number of individuals 
only, as well as in greater, present in a majoirty of individuals, shows that 
they must be a recurring feature throughout every stage of subspecific evolution. 
Tt also shows that stabilization of characters can occur at what must be a very 
early stage in the existence of a variety. The attainment of such stability, 
however, implies that some small constitutional change has taken place, and 
the resulting constitution will be capable of fresh deviations previously impos- 
sible, thus starting a fresh small cycle of development. The extent and effect 
of each new cycle will therefore largely depend on the extent to which the 
previously developing characters had become disseminated. Thus one can 
conceive the ceaseless operation of variability, gradually culminating in the 
more obvious effects of subspecific development, which have illustrated for us 
the existence of this varietal process. 

The possibility of certain series of characters surviving unchanged, through 
periods long enough to permit all other contemporancous strains to have become 
isolated or to have disappeared, would seem to be slight ; but if modification 
always took place, the existing A subspecies must continue to show affinities 
with other existing subspecies. The presence of widely isolated A subspecies, 
completely removed from any existing form, therefore proves that in certain 
cases modification ceases, and a strain can become so fixed that it can endure, 
almost unaltered, throughout vast periods of time. The probability that 
limitation in the components of a strain may be largely responsible for such 
fixity of character cannot be overlooked, and the almost complete absence 
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of variability in such extremely isolated subspecies corroborates this proba- 
bility, as also does the fact, previously noted, that in general as specialization 
increases so variability decreases. Even so, it is the recurrence of varietal 
activity, affecting the contemporaneous strains, which has led to the extreme 
isolation of such fixed forms. 

We may accept, then, that there is a degree of specific stability impervious 
to variability ; but the rarity of the occurrence shows it is not a normal specific 
attribute. The normal stability must be easily influenced to renewed varietal 
activity. What then is the incentive to this renewed activity ? 

It has been shown that variability becomes apparent in an alternating 
manner ; superficial variability is followed by structural, the two do not develop 
with uniform rapidity ; when the superficial has died out the structural is 
still strongly in evidence. With its subsidence has all variation ceased ? 
It is improbable. The cessation of the superficial variability does not mean 
total elimination—why should the cessation of the structural? Remembering 
how unfailing the revival of variability in the solitary subspecies must always 
have been in the past, in the same localized conditions under which visible 
variation had previously been eliminated, to the extent of establishing a stable 
race, the only justifiable conclusion seems that the apparently stable period 
in A is in reality still affected by some continuance of varietal disturbance. 

I have been led to assume that variability is dependent on the natural 
constitution of living matter, which implies a perpetual action. When I refer 
to stability or the elimination of variability, I am, of course, not implying the 
elimination of this action. Variability must be ever present, though not 
necessarily always observable. The whole constitution of an organism must 
be affected, and physiological effects must also be produced. Yet, although 
the entire subject is affected, it remains a fact that certain components differ 
in the degree of sensibility which they display in response to the fundamental 
action. Superficial, structural, and physiological effects have, of course, 
co-existed from the first, but the superficial features are the first (starting 
from the solitary subspecies, i.e. the species in its simplest form) to react in 
a really marked degree; then somewhat later the structural. The latter 
gain in intensity of activity as the former decline. This alternation has been 
shown to be an inherent peculiarity of the activity of variability ; it must 
therefore be recurring. The decline of visible variability between the 
E and A stages cannot therefore be held to imply the absence of some further 
activity in A resulting on alternation, without assuming the complete elimina- 
tion of variability. The most natural assumption therefore appears to be 
that in stage A the decline of varietal disturbance in the visible spheres must 
coincide with the climax of some further activity of variability in a different 
sphere (i.e. physiological), rather than that this stage is one of unnatural 
inactivity, implying a complete and fundamental organic change, which in 


turn would necessitate some new incentive to start variability again in a stable 
constitution, 
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With the decline of structural variability, however, the physiological effects 
which have accompanied it might reasonably be supposed to become intensified, 
just as the structural changes had been after the decline of the superficial 
variability. The close connection between all superficial, structural, and 
physiological developments increases the probability of this supposition. 
Shull has observed that probably no colour or structure is the sole result of the 
genes that produce it, and that both must have a physiological basis *. On 
the assumption that variability is a perpetual activity, and alternation therefore 
recurring, it would follow in natural order than the decline of pure physiological 
change would be accompanied by a renewal of superficial variability. 

It is perhaps necessary to point out that where I mention a cycle of vari- 
ability I am not in the least implying that a certain variation must pass through 
any definite modifications, or that my data at all support any idea of ortho- 
genesis. Any line of variation arising must follow its own course, determined 
by the limitations of its constitution and the circumstances of its occurrence. 
There is no certainty as to what that course will be, or whether it will even 
develop all the possibilities latent in it or not. 

I must briefly mention a paper by Ford and Ford, recording observations 
on the evolution of a form of Melitaea aurinia under natural conditions f. 
Dr. B. M. Hobby drew my attention to the parallel between the facts they 
record and my own conclusions (reached independently). Any reader of their 
paper cannot fail, I think, to appreciate this parallel, indeed their data con- 
stitute a record in substantial agreement with the outline of the course of events 
which I have been led to assume must underlie the process of evolution. 

As I have stated, the present paper is the outcome of systematic and 
morphological researches, and I must leave it to others, better qualified than 
myself, to decide how far the facts recorded and the deductions based on them 
are reconcilable with present genetical conceptions. It seems worth recalling, 
however, that Castle, some years ago {, in a short discussion on evolution by 
mutation in single genes was led to observe that a state of genetic flux might 
be assumed as the normal condition of an organism, adding that this would 
correspond exactly with Darwin’s view that heritable variation is ever present 
as material for natural selection to act upon. It would also clearly correspond 
with the conception of variability which has been formulated in this paper. 


* Shull, A. Franklin, 1936, ‘ Evolution ’, pp. 88, 89, & 192, 193. 
+ Ford, H. D., & Ford, H. B., 1930, ‘ Fluctuation in numbers, and its influence on 
variation, in Melitxa aurinia Rott. (Lepidoptera) ’, Trans. Ent. Soc. London, Ixxvili (2), 


pp. 345-351, pl. xxx. 
{ Castle, W. E., 1923, ‘The relation of Mendelism to Mutation and Evolution ’, Amer. 


Nat. lvii. pp. 559-61. 
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EXPLANATION OF THE PLATES. 


PLATE 6. 
Indication of the range and directions of superficial variability in Hrebia. 

Variability affects the following characters :— 

(1) The colour of the pale bands; ranging from a pale yellow (butter colour) to a dark 
mahogany-red. 

(2) Extent of these bands. 

(3) Presence or absence of the black spots ; possible range, 6-0 on each wing. 

(4) Presence or absence of white points in these black spots; possible range, 6-0 on 
each wing. 

(5) General pattern of the underside of the hind wing, especially in the female. 

(6) Size. 

Figs. 1 (male) and 3 (female) of #. ligea show a fine development of the bands, black spots, 
and white points, though all can be still more pronounced in this and other species. 
Fig. 2, a male of the same species, shows great reduction of all three features, as well as 
size ; but the spots can be entirely lost and the bands broken into small separated spots. 
Fig. 6, a male of another species (H. euryale) which in other races is very different from 
E. ligea. Figs. 4, 7, and 8 show the range in size of the female of EL. ligea, and also of 
the pattern of the underside of the hind wings. The increase or decrease in width of 
bands, size of spots, etc., is not necessarily relative to the size of the insect. 

Figs. 10, 11, and 12 also show range of development of markings within a species 
(Z. medusa); the changes of colour of bands in this species nearly cover the extremes 
known in the genus. Figs. 5 and 9 (underside of female of same species) show change of 
pattern in different subspecies. It will be noted that in fig. 9 the pale band on the hind 
wing is represented by very narrow, pale rings only, in which the black spots are located ; 
the other bands seen on this wing represent the pattern which is prevalent throughout 
the genus, but which is not developed in the other subspecies of this species, of which fig. 5 
is typical. 

Figs. 13-17 show the range of variability in band-pattern in a species (HZ. theano) which 
never has any spots. There are nine subspecies known in this species, and the transitions 
between the extremes are much more gradual than these few figures suggest. Fig. 14 
shows the underside (the others the upper) ; in this subspecies the pale basal spots on the 
hind wing are still present, though reduced, such spots are practically lost on the underside 
of fig. 15 and quite in figs. 16 and 17. Considerably larger forms of this species exist, 
in which the markings are of as great extent as in fig. 13, but can also be less developed ; 
figs. 13 and 17, however, demonstrate that what are practically the extremes of band- 
development are independent of the size of the insect. 


Fig. 1. Hrebia ligea subsp. carthusianorum, male, upperside. 
Fig. 2. Hrebia ligea subsp. carthusianorwm f. nikostrate, male, upperside. 
Fig. 3. Hrebia ligea subsp. carthusianorum, female, upperside. 
Fig. 4. Hrebia ligea subsp. carthusianorum, female, underside. 
Fig. 5. Hrebia medusa subsp. psodea, female, underside. 
Fig. 6. Hrebia euryale f. isarica, male, upperside. 
Fig. 7. Hrebia ligea f. dovrensis, female, underside. 
Fig. 8. Hrebia ligea subsp. carthusianorum f. herculeana, female, underside. 


Fig. 9. Hrebia medusa subsp. polaris, female, underside. 

Fig. 10. Hrebia medusa subsp. psodea, male, upperside. 

Fig. 11. Hrebia medusa subsp. alpestris, male, upperside. 

Fig. 12. Hrebia medusa subsp. hippomedusa ab. procopiani, male, upperside. 
Fig. 13. Hrebia theano subsp. lederi, male, upperside. 
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Erebia theano subsp. connexa, male, underside. 

Hrebia theano subsp. approximata, male, upperside. 

Erebia theano subsp. pawloskii, male, upperside. 

Erebia theano subsp. pawloskii ab. ultima, male, upperside. 


All figures exactly life-size. 


PLATE 7. 
Male genital armature in Hrebia ; all figures x 18. 

Erebia christi. An A subspecies, formation very typical of many species ; 
variability affects the teeth on the dorsal edge of the clasp, but to no great 
extent. 

Hrebia wanga. An A subspecies, formation of both dorsal and ventral processes 
very highly specialized ; unique in genus; very constant. 

Erebia tyndarus subsp. tyndarus. A C subspecies, termination of clasp and spines 
located there liable to a considerable range of minor variation. 

22. Hrebia tyndarus subsp. murina. A D subspecies of the tyndarus group. 
The figures show two forms of the highly specialized clasp, this formation varying. 
slightly in a majority of individuals; rarely it assumes the formation of the 
C subspecies of the group, as in fig. 20. This occurrence is much less frequent 
in subsp. murina than other D subspecies, which shows that muwrina is but little 
removed from the E subspecies. 


Fig. 23. Hrebia pharte subsp. pharte. A C subspecies. 
Fig. 24, Hrebia pharte subsp. ewpompa. A D subspecies, showing specialization in for- 


mation of the uncus and the teeth of the clasp. In some individuals these are 
modified to the C type of formation. 


Figs. 25, 26. Hrebia mnestra. A subspecies transitional between EK and A. This solitary 


subspecies shows a great range of variation in the clasp formation, two forms 
are shown by the figures, and slight differences exist in the majority of individuals. 
In this respect mnestra agrees with the E subspecies, while its solitary systematic 
position shows that it cannot be far removed from A. 
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Further observations on lunar periodicity. By J. F. G. Wureter, Dises 


F.L.S., Bermuda Biological Station for Research. 
(With 8 Text-figures) 


[Read 25 November 1937] 


INTRODUCTION. 


The periodic appearances of the prawn Anchistioides antiguensis (Schmitt) 
at the surface of the sea, first noticed by F. A. Brown in 1934, were reported 
in 1936 from data covering part of two months in the summer of 1934, with 
one hundred and fifty observations from January to September 1935 (Wheeler 
and Brown, 1936). Continuation of the observations has cleared up a number 
of obscurities, and sufficient evidence has been gathered to prove a similar 
periodicity of appearance in the prawns Penacopsis goodet and P. smithi, and to 
suggest that it occurs also in Periclimenes americanus, Penaeus brasiliensis, 
and Leander affinis. Notwithstanding this extension of the effect the cause 
of periodicity remains to be proved. In this paper the inferred inhibitory 
action of moonlight is discussed, the possible correlation with the activities 
of the worms that form the food has been examined, and some data on the times 
of moulting in Anchistioides are given, as they appear to have some bearing 
on the periodic swarmings. 


FURTHER EVIDENCE OF PERIODICITY. 


To give conclusive evidence of periodicity throughout the year the observa- 
tions at night from the jetty of the Bermuda Biological Station were continued 
over the winter of 1935-6 exactly as before. At the beginning of May 1936 
towing with a net of new design, at the surface, off the jetty, took the place of the 
usual observations on certain nights, the object being to prove that swarming 
is in no way connected with the light on the jetty, and to give some measure 


of its intensity by making identical hauls with the launch at the same speed on 


° bee 
each occasion. The net was made of Monel metal screening, ;-inch mesh, 


on, an iron dredge frame 19 x7? inches, with solid galvanized cheeks rounded 
at the ends with an extreme depth of 163 inches. A float was attached at each 
side for surface work. The standard run with the launch was a distance of 
rather more than 14 miles, made from the jetty eastwards to the Swing Bridge, 
westwards to a landmark on the shore of the Reach, eastwards again to the 
Bridge, and back to the jetty. Each section was thus covered twice, with and 
against the current, and this constitutes the ‘ standard tow ’ referred to in the 


records given below. 
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Data on the periodic swarming of Anchistioides antiguensis (Schmitt) and 
other prawns at Bermuda, 9 September 1935 to 16 October 1936. 


Sea | Anchistioides 
Date. Time, p.m. Wind. Weather. | temp.,_ | Notes. 
| °C. | seen. | caught. 
1935. | 
| Sept. 10..) 8.30-8.40 | SW. 10. | Moon obse. | 28-1 0 | 0 
| 12..| 8.30-9.15 | W.5. | Fullmoon. | 28:3 ee me 
14... 8.10-9.15 ie | Moonjust |; 27-9 Se (ie 1 RH. 
up, clear. | | 
16..) 7.35-8.30 _ Moon not up.| 28-0 | 1 At 7.50. 1 Penp., at “3% 
| | | many RH. 
18..| 7.55-8.40 | E.5. | Clear, stars.| 27:3 | 0 | O | 1 Penaeus. RH present. 
20..| 8.00—-8.50 | SW. 10. Clear. 26:9 | 9 8 First 8.05, last 8.30. Not 
| | | many RH as on 16th and 18 
22 7.15-8.50 a Clear. 27-6 Quand 0 | 1 Penaeus, few RH. 
25..| 8.05-8.25 IDE atse. | || Clear. 25:9 1 1 8.15. 
26..| 7.45-8.00 E.10. |Rain,cloudy.| 25-8 1 1 7.55. 
Oct. 3..| 810-845; 8.5. | Cloudy, 25-1 | 0 0 No worms. 
| / moon obse. 
16..| 7.10-8.15 | N. 15 Cloudy. 25:0 | 3 p4 7.20, 7.50, 7.55. 1 Penaeus, 8. 
17..| 7.15-7.50 | N. 25 23-0 rp 2 7.20, 7.30. Only 3 worms se 
| 1 RH. 
18..| 8.05-8.20 | N. 15. Rain. 220 | 0 0 | No worms. 
20.. 6.50-8.00 N. | Still, stars. | 23:0 | 0 | 0 1 Penp. 7.30, few R.H. 
21..| 7.00-8.15 E.5. | Starlight. 22.5 | 15 | 14 1 Penp., some worms. 
22...) 7.238-8.30 Eeelib: Starlight. 23-0 29. 24 2 Pericl., few worms (RH). 
96 9 99 | ; " 
aad z ee E. 10 aie: gh ey 15 8 1 Penp., 1 natant stage lobste 
24..) 6.55-8.05 ES. Starlight. 23-5 | 2 2 7.40, 7.48. No worms visi 
| after 7.43. 
25..| 7.35-8.10  N. 20. | Stars, clouds.| 22-0 1 1 7.45. Only 3 RH. 
27...) 6,45—-7.55 N. 5. Starlight. 21°5 11 10 First 6.50, last 7.40. More ] 
than usual, 
28..) 6.40-8.05 | E.5. Starlight. 21:0 25 18 First 6.55, last 7.58. Me 
worms RH and small BH. 
29..| 6.32-7.50 E. 10. Starlight, 21:0 24 | 19 First 6.38, last 7.45. 1 Per 
| showers. Fewer RH and BH than las 
30..| 6.50-7.45 | NE.5. | Starlight, | 21-9 3 2 | 7.22, 7.25, 7.30. Onlyegee 
| moon obse., | BH more than last. 
| showers. 
Nov. 1..| 6.28-7.45 SE. 5. | Moon, stars. | 22-6 9 3 | First 6.35, last 7.30. 1 Per 
| 1 post 1. Stenopus. RH, B 
| many at first, few at 7.30. 
3..) 6.385-7.45 N. 5. Moonlight. 22-7 0 0 No RH, few BH. 
4.. 6.15-7.30 | NE. 5. Moonlight. 22-6 0 0 6-8 RH, many BH. 
6... 6.42-7.30 | N.20. |Moon,clouds.} 22-1 0 ) No RH, few BH. 
8..| 6.384-7.30 | NE. Still, moon. 22-7 0 0 Few BH. 
| 
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| 
5 Sea Anchistioides 
‘Date. Time, p.m.; Wind. Weather. |Temp., Notes. | 
he Gs seen. | caught. | 
: le : | | os 
1935. | | | 
Yov. 9..| 6.00-7.30 ING De ‘Moon, clouds.) 22-8 0 0 Few BH 6.30-7.00. 
10..| 6.30-7.10 | NE.10. |Moon,clouds,) 22-6 0 0 Few BH. 
| rain. 
12..| 6.35—7.45 E. 5. Cloudy, 22-5 2 2 6.50, 7.10. 6 RH, many BH 
| moon up to 7.15. | 
Der 35, | | 
13..| 6.25-8.00 NE. | Still, stars, | 22-7 joni l | 65. 2 RE. few BH. 
| moon up 
Cpiliyy | 
Tae. asi } NE. Still, stars. 0 0 Very few worms, 2 RH. 
15..); 6.25-7.30 S. 5. Stars. 22-6 0 0 12 RH, more BH than last. 
16..| 6.45—-7.20 Ss. | Still, stars. 23-0 0 0 Worms as last. 
17..| 6.00—8.00 §.10. |Squalls,rain,| 22-8 82 61 First 6.23. Complete swarming | 
and clouds. to 7.40. 1 Penp., 6.40. Some | 
RH, more BH than last. | 
18..| 5.55-9.40 | SSW. 10. | Cloudy, rain.| 22-1 40 24 | First 6.45. Complete swarming | 
to 9.20. 1-2 RH, BH as last. | 
21..) 6.30-7.15 SE. Still, stars. 4 3 All caught before 6.55. 1 RH, | 
| few BH. | 
22..| 6.20—7.25 SE. 5. Clouds, stars.) 22-0 18 11 First 6.40. 
24. .| 6.40-7.10 | SW. 15. Cloudy. i es 4 0 
26..| 6.24-7.25 | NW. 5. Starlight. | 20-0 0 0 More BH than usual. 
27..| 6.30-7.30 We & Starlight. 19-6 1 1 7.25. 
28..| 6.30—-7.45 EK. 5. Moon up, 19-8 8 af First 7.03. Moon down 7.35. 
calm. Tow at same time caught one. 
30..| 6.15-7.05 Cloudy, 20-1 0 0 Few worms. 
rain, 
moon obsc. 
Dec. 2..| 5.53-7.00 NW. Calm, moon | 19-8 0 0 | 
obse. 
3..| 5.53-7.00 | N.W.15. | Halfmoon 19:2 0 0 Very few worms. 
obse. 
5..| 6.40-7.40 N. Still? moon,| 17-9 0 0 Many BH. 
clouds. 
7..| 6.15-7.10 N. 15. Moon obse. 16-65 0 0 Few worms. 
8..| 7.00-7.50 N. Still, moon 16-9 0 0 Very few worms, BH. 
obse. 
.12..| 6.30—7.20 ‘Moon not up, 18:05) 0 0 Few worms. 
cloudy. 
13..| 6.00-6.55 SE. 15. Starlight. 18:7 8} 3 6.10, 6.20, 6.30. Worms as last. 
16..| 6.00-6.53 | SW. 10. Clear. 18-6 2 2 Swarm BH. 
19..| 5.55-7.05 | SW.10. | Clouds, rain.| 17-5 1 1 2 BH, 2 RH seen. 
27 8 4 Obs. Gleeson. 
1936. 
Jan. 7..| 6.20—7.20 W.5 Full moon, 18-4 ) 0 Very few worms. 
cloudy. ) 
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Sea Anchistioides 
Date. | Time, p.m.) Wind. Weather. | temp., Notes. 
Os seen. | caught. 
1936. 
Jan. 9..| 6.15-6.40 E. 5 Rain. 17:3 0 0 
10..| 6.15-6.55 | SSW. 15. re 17:9 | 0 0 Few worms. 
16..| 6.15—7.55 ae Calm, clear. 18-0 0 0 4 RH, 6 BH. 
18..| 6.30-8.30 | NW. | Calm, stars.| 18:3 | 15 9 | First 6.50, last 8.15. Many R 
and BH. 
20..| 6.25-7.45 W. 5. Se 18-9 5 4 Many RH and BH. 
91..| 6.25—7.35 N. 5. Starlight. 18-0 0 0 Fewer RH. Same BH as last 
24..| 6.20-7.20 | NW. 1 Cloudy. LW i) at 1 2 RH, many BH. 
25..| 6.30-7.20 | NW. 5 Cloudy. 179 | O | O | Many BH. 
99..| 6.40-7.15 | N.W 10 Cloudy. 15-1 | 0 | ) No worms. 
31..| 6.35-7.20 W. 10 Moon obsc. 16°38) <0" i) 0 No RH, few BH. 
Feb. 2..| 6.25-7.25 Rain, half | 148, 0 | 0 | No worms. 
moon. 
3..| 6.30-7.30 NW. Still, clear. 156 | O 0 Few BH. 
6..| 6.30-7.30 | NE. 10 Rain, moon 166 | O 0 2 RH, few BH. 
obse. | | 
8..| 6.25-7.35 | NW. 15. Cloudy. 16-2 | 0 0 | Few BH. 
9..| 6.40-7.15 | ENE. 10 Cloudy. 156| 0 | oO Few BH. 
10..| 6.30-7.30 | SW.5. | Cloudy, rain.| 16-6 Ojey ect 6 RH, many BH. 
11..| 6.30-7.30 | NW. 5 Cloudy. 163 | 1 | 1 | 7.0. 6 RH, many BH. 
13. .| 6.385-7.30 NW. Still, stars. 15°5 OO 6 RH, very few BH. 
17..| 6.50-7.40 | W.5 Cloudy, after) 17-5 1 1 7.25. Few RH, very few B 
heavy | 1 natant stage lobster. 
rain. | 
18..| 7.40-8.15 | SW. 10 Cloudy. L769) See Last 8.00. Many RH, few B 
19..| 7.00-7.55 | NE. | Calm, stars. 16:8 | 3 3 First 7.20, last 7.40. Ma 
| | RH, some BH. 
24..| 7.00-8.00 | NW. 10. ou e070 0 | 3 RH, very few BH. 
25..| 7.00-8.00 NW. (Calm, cloudy.) 15-4 | 1 l 7.30. 8 RH, swarm of BH. 
27..| 7.00-7.50 NE Calm, clear, 17-5 0 0 2 RH, 3-6 BH. 
starlight. 
28..| 6.55-7.40 | 8.5 Half moon, 18-2 0 0 5-6 RH, very few BH. 
cloudy. 
Mar. 2..| 6.50-8.00 NE. Calm. 17 0 ) 12-15 RH, 1-2 BH. 
4..| 7.00-7.50 NW. Calm, } 17-5 0 0 2 RH, 6 BH. 
moon, clear. 
5..| 7.80-8.30 | SW. 5. Cloudy. 18-2 0 0 1 RH, very few BH. 1 Per 
smithi ab 8.00. 
6..| 7.00-8.20 | SW. 10. | Moon obsc. 18-0 1 1 No RH, few BH. 
7..| 6.50-7.50 N. 10. Full moon. 17:8 0 0 3 BH. 
9..| 7.35-8.20 | E. 10. Cloudy. 17-1 2 2 | 7.55 8.00. Many RH and B 
10..) 7.15-8.05 | ESE. 15, | Cloudy and | 17-2 0 0 Many RH few BH. 
very dark. 
11..| 6.55-8.15 | SE. 15 Cloudy. 178 | 0 0 | 1 Periot. 
13, .| 7.00-8.15 Ss Starlight. | 18-6 1 1 | 7.15. Many RH and BH. 
14..| 6.55-8.10 NE. Starlight. 18-8 0 Few RH and very few BH. 
| 
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DR. J 
Date. |Time,p.m.| Wind. Weather. 
1936. 

Mar. 15..| 7.05-8.10 BE. __ Starlight. 
17..| 7.00-8.35 SE. 20 Cloudy. 
20..) 7.15-8.45 

js 10. Rain. 
9.00-10.30 
21..| 7.15-8.45 | SW. 30. | Very rough. 
22..| 7.10-8.30 W. 10 Cloudy. 
23..| 7.30-8.00 | NW. 10 Clear. 
24..! 8.10-9.00 NW. 5 Starlight. 
25..| 7.30-8.40 | SW.8. | Moon down | 
8.40, 
cloudy. 
26..| 7.30-8.40 | NW.5 Moonlight. 
29...) 7.45-8.35 | Still, half 
| moon. 
30..| 7.45-8.30 | SE. 10. Cloudy. 
Apr. 1..| 7.40-8.40  W.5 Clouds. 
2..| 7.35—-8.15 SW. 5 Moonlight. | 
3..| 7.50-8.40 | SW. 15 Moon obsc. 
5..) 7.30-8.45 SE. 5 Full moon, 
part. obse. 
8..| 7.30-8.40 3:6 Rain, cloudy. 
10...) 7.35-8.35 SE. Still, stars. 
11..| 7.55-8.40 | SW. 5 Starlight. | 
13..| 7.45-8.45 | NW.5 Starlight. 
16..| 8.12-9.12 | SW. 15 Starlight. 
17..| 8.15-10.15) SW. 10 Cloudy. 
18..| 7.40-9.40 | SW. 5 Cloudy. 
19..| 7.40-8.40 W. 5. Starlight. 
20..} 8.15-9.15 N. 5. Starlight. 
23..\ 7.45-8.50 8.5 Cloudy. | 
25..| 8.00-8.55 | NE.5 Cloudy, 
moon up. 
28..| 8.15-9.05 E. 5 Moon obse. 


21:9 


Anchistioides 
seen. | caught. 
0 0 
2 2 
19 16 
0 0 
0 0 
0 0 
0 0 
0 0 
6 6 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
13 9 
136 46 
32 21 
0 0 
6 3 
4 2 
2 2 
1 1 


Notes. 


Many RH, some BH. 

8.10, 8.15. Few RH and BH. 

Many RH and BH. 2 Penp., | 
4 Pericl., 1 Leander. 

1 Penp. Obs. M. B. 

Few RH and BH. 

Few RH and BH. 

Very few worms. 

Few RH and BH. 
Obs. M. B. 

First 8.00, last 8.20. Few RH, 
many BH. 


1 Periel. 


1 Penp. 


No RH, swarm BH. 
Many RH, some BH. 


Few RH, swarm BH. 
No RH, swarm BH. 
No RH, swarm BH. 
No RH, many BH. 
No RH, many BH. 


1 Penp. 7.50, 1 Penaeus 8.05. 

Many BH, 15-20 RH. 

Many RH and BH. 
8.00, 1 Penp. 8.15. 


1 Penaeus 


1 Penp. 8.22. Many RH and 
BH. 

First 8.25, last 8.55. Many RH 
and BH. 


First 8.18, 63 by 9.15 when obs. 
interrupted until 9.35, 112 at 
9.50, 186 at 10.15. 5 Penp., 
many RH and BH. 

1 Penaeus 7.50, 2 Penp. 8.35, 
8.45, many RH, fewer BH than 
last. First Anch. 7.50. 

Few RH, swarm BH. 

More RH, few BH, 1 Penp. 
goodet (M. B.) at 9.10, 2 Pericl. 

8.05, 8.25, 8.380, 1 Penaeus. 
8.15, 2 Penp., 1 Leander, many 
RH and BH. 

8.15, 8.40, many RH and BH. 


8.35, 1 RH, swarm BH. 
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Anchistioides 
Date. |Time, p.m.) Wind. Weather. | | Notes. 
seen. — caught. 
1936. ee 
Apr. 29..| 8.05-8.52 E. 5 Half moon. | 0 | O | 1 Penp. smithi (M. B.), no RE 
swarm BH. 
May 4../ 8.15-9.00 | SE. 10 Moonlight. | 0 0 No RH, some BH. 
6..| 8.00-8.56 SE. 5. Rain, full | 0 0 | Standard tow at about 1-5 knots 
| moon obse. | 
8..] 8.03-8.50 | SW. 5 Starlight, 0 | O- | St. tow, 1 Periel. 
moon not up. | 
9..| 8.20-9.05 SW. 5. Starlight. 2 1 8.25, many RH and BH. 
10..| 8.00-8.15 0 0 
8.18-9.00 SW. Calm, stars. | { 0 0 Sb tow: 
11..} 8.20-9.00 SE. Calm, cloudy: 0 0 | Swarm of RH and BH. 
12..} 8.15-9.00 SE. Starlight. 0 0 St. tow. 
14..1 8.05-8.35 is 2 0 
esi 00a a ae ee ° { 1 | St tow, 1 Penp. goodei (M. B.). 
oa m9 Or | 1 Penp. 8.20. 
Oo Sao-o.o7 | FSW-5 | Stoolght at terse es 
16..| 9.06-9.39 oe Se .. | O | St. tow. Times a.m. 
8.35-9.20 SW. 5 Starlight. 1 | 1 8.50 1 Penp., 8.55 1-2 RH, very 
few BH. 
17. .| 8.20-8.43 | NE. 5 Starlight. 22:4) .. | 1 St. tow, 1 Penp. 
19..| 8.21-8.53 : foc 3 St. tow, 3 Penp. 
9.04-9.29 \ BSE : Seg ae Ae { 1 1 | Many RH and BH. 
20..| 8.45-9.25 | ESE. 5 Starlight. 23-4 0 | Few BH, RH swarm. 2 Penp. 
21..| 8.33-9.08 | SE. 10 Cloudy. 23-7 7 2 St. tow, 2 Penp., 1 Pericl. 
22..| 8.30-9.30 | NE. 10 Cloudy. 23-2 10 | @7 | 2 Penp., 1 Leander, many BH 
| | fewer RH. 
24..| 8.25-9.07 SW. Still, stars, 0 | St. tow. 
moon up. | | 
25..| 8.30-9.30 W.5 Stars, moon. 17 uN3) 1-2 RH, very few BH, 1 Penp. 
27..| 8.55-9.35 | SW. 5 Moon partly 0 ) 1 Penp., no RH, very few BH. 
obse. 
28..| 8.30-9.15 | SW. 5 Cloudy. 23:0 a 0 St. tow. 1 Penp. 
29..| 8.50-9.30 SW. 5 Moon obse. 22-6 | 1 1 | 9.00. No worms seen. 
31..| 8.40-9.18 | SW.5 Moon obse. | 22:8 on 0 St. tow. 
June 2..| 8.20-9.20 Calm, moon | 24-6 0 0 No worms seen. 
thinly obse. 
3... 8.35-9.05 E. Calm, clear. 0 St. tow. 
5..| 8.34-9.03 SE. 5 Moon obse., 0 St. tow. 
| just up. 
6..| 8.50-9.45 | SSW. 10. Cloudy, 0 0 1 Penp., swarm of RH. 
moon not up. 
8..| 8.40-9.07 | SW. 10. Clouds, O | St. tow, 4 Penp., 1 Penaeus 
| moon not up. (M. B.). 
9..| 8.30-9.385 | SW. 5 Starlight. 0 0 Few RH, no BH. 
10..! 8.20-10.00| SSW. 5 Starlight. il 1 9.10. 2 Penp., few RH, no BH. 
11. 7 8.50-9.21 SE. 5 Cloudy. St. tow. 11 Penp. 
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Date. 


fuly 2.. 


Aug. 


Det; 8., 


16.. 


Time, p.m. 


8.45-9.50 
8.45—-9.45 
8.36—9.06 


8.55—9.55 
8.35-9.05 
9.00 
9.19-9.51 
8.20—9.30 
8.30-9.45 


8.37-9.05 


8.30-9.40 
8.40—9.40 
9.01—9.28 
8.35-9.25 
8.41-9.10 
8.50—9.25 


8.30-9.15 
8.40-9.09 
8.35—-9.35 


8-53-9.20 
8.45-10.15 


8.54—-9.35 
9.00-10.30 
9.00—10.30 
9.00-9.50 
8.50-9.22 
8.30-9.10 
8.30-9.00 


7,288.28 


7.28-8.28 
7,.30-8.30 


7.20-8.25 


7.20-8.25 


Wind. 


ou OL 


Notes. 


| 3 Penp., 4-6 RH, no BH. 


Sea Anchistioides 

Weather. | temp., | 

“Ce seen. eneht 
Clouds. 25-2 5 4 
Starlight. ae 6 5 
Still, star- 25-4 il 

light. 

Rain, cloudy.) 24:4 | 110 69 

Cloudy. 24-1 2 1 

Ac ale 1 
Starlight. 24:8 es 3 

Cloudy. 25:2 13 10 

Calm, stars. 25-4 Pall 16 
Starlight, 26:4 0 0 
young moon. 

Cloudy. te 8 3 
Half moon. 26-1 3 0 
Half moon.| 26-0 0 0 
Moonlight. 27-4 1 il 

Clouds. 27-5 ve 0 

Moon partly | 26-4 0 0 
obsce., rain. 
Moonlight. 28-0 0 0 
Still, moon. ae 50 0 
Cloudy. 26:7 1 0 
Starlight. aa i i 
Starlight. 27-5 5 4 
Starlight. 28:2 ae 2 
Starlight. 10 6 
Cloudy. oe 2 2 
Starlight. 26-6 Mey 0 
Starlight. | 28-0 nic 0 
Starlight. 27:6 2 i 
9 
1 
Starlight. 10 0 
Starlight. 3 
Stars, clouds. 0 
0 


Cloudy. 


2 RH, no BH. 
St. tow. 


18 Penp. caught, few RH, no BH. 

23 Penp. seen. Very rough. 

In Mullet Bay. 1Penp. Tow. 

St. tow. 14Penp., 1 Pericl. 

7 Penp., 30-40 RH, no BH. 

First 8.50, last 9.30, 18 Penp., 
same RH as last. 

St. tow. 


| 2 Penp., few worms. 


First 8.50, last 9.25, 4 Penp. 
St. tow. 
9.20. 


St. tow. 1 Penp. 


| 2-3 RH. 


| 1 Penp., 1 Leander, 3-4 RH. 


St. tow. 

8.50. 1 Penaeus, 2 Penp., many 
RH. 

St. tow. 1 Penp., 2 Pericl. 


First 9.15, last 9.50, 1 Penaeus, 
60-70 RH. 


| St. tow. 
Obs. L. H. K. 10 Penp. 
Obs. L. H. K. 6 Penp. 


Many RH, 33 Penp. 


| 18 Penp. St. tow. 


Many RH, 44 Penp. 

Tow with 1 m. net of stramin. 
4 Penp. 

Tow with 1 m. net of stramin. 
1 Penp., 4 Pericl. 

3 Penp., 5-6 RH, no BH. 

Tow with 1 m. net of stramin. 
4 Pericl. 

Tow with 1 m. net of stramin. 
2 Penaeus. 

Tow with 1 m. net of stramin. 
5 Pericl. 


Norr.—I wish to thank the following visitors at the Station for their assistance :—Mr. M. Burkenroad 


(Yale) and Dr, L. H. Kleinholz (Harvard). 
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Observations made on the prawn Penacopsis in the month following Brown's 
original work on Anchistioides had suggested that this prawn might show a similar 
periodicity, and Gurney in 1935 thought that Periclimenes exhibited more definite 
swarmings than Anchistioides in the early months of the year. The data set 
out above include observations on other prawns, which, with scattered records. 
made during the previous work, are discussed later in this paper. Two species 
of Penaeopsis are found in Bermuda waters. These have been described in 
detail by Burkenroad (1934), who has identified males and females of both species 
from material collected at the surface. The record of Penaeopsis captured 
(Penp.) may therefore be P. smithi or P. goodet. Penaeus brasiliensis occurs 
rarely at the surface, and is usually caught, like Leander affinis, lurking among 
rocks or sea-grass. Periclimenes americanus appears to swarm some distance 
below the surface, but comes occasionally to the top. 

The record given above, so far as it concerns Anchistioides, is represented 
graphically in fig. 1. In the previous paper the observations from February 
to September 1935 showed that there is a definite periodicity in May, June, 
July, and August. The continuation of the record indicates that swarmings 
take place with regularity throughout the year. They are not, as previously 
suggested, more or less irregular in February, March, and April, or possibly 
only marked during the breeding season. Further, the coincidence of swarming 
with the period of the new moon is so marked that some form of correlation with 
the changing phases of the moon is beyond question. 

The catches made from the launch in the darkness show that no importance 
can be attached to the presence of the light on the jetty. The prawns are not 
attracted to the light, as suggested by Gordon (1935), and, so far as one can judge 
from the few figures obtained, the intensity of swarming is much the same in 
the light near the jetty and in the darkness over the deeper water of the channel. 

Swarming takes place after the sun has gone down. Usually it begins about 
an hour after sunset, and in consequence the period is later each month from 
December to July and earlier thereafter. This is shown in fig. 2, in which 
the times of the beginning of the earliest observation and the end of the latest 
observation are indicated in periods of six days at a time, together with the times 
when the prawns were seen. ‘The end of the swarming period is by no means 
as definite as the beginning. Some evidence was given previously to show that 
it does not continue throughout the night, and the great majority of the observa- 
tions indicate that it is limited to a period of from one to two hours. On 
17 and 18 November 1935 the numbers seen at definite time intervals were 
recorded. The swarming of 17 November was well defined (fig. 3, a). It began 
about an hour after sunset (5.18 p.m.), reached its maximum half an hour later, 
and ended twenty minutes before the close of the observation period at 8.00 p.m. 
On the following night, however, prawns continued to appear at the rate of one 
every five minutes from 6.45 until 9.20 p.m., and although twenty minutes 
elapsed after this, during which time none were seen, it is not certain that the 
desultory appearances had finally ceased when the observation closed (fig. 3, b). 
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On 17 April 1936 the first prawn appeared at 8.18 p.m., and at 10.15 swarming 
was still going on, though with slackening intensity. On the following night 
another attempt was made to determine the end-point, but again smal] numbers 
appeared during a two-hour observation (fig. 3, ¢). On all these nights clouded 
conditions prevailed, with the difference that on 17 November there were 
squalls, clouds, and rain, i.e. there were clear periods, while on the other nights 
the sky is described as cloudy. In each period a maximum intensity was noticed 
from twenty to forty minutes after the beginning of the swarming, and this 


MAY ' 
1935.JUN. JUL. AUG. SEPT. OCT. NOV. DEC. JAN. FEB. MAR, APR. MAY. 1936 


way seal ee J ‘ : ‘ 

Tria. 2.—Time of sunset denoted by the unbroken line. Periods of observation (six days 
at a time) shown, with the times when Anchistioides were seen in black 
Individual records as circles or white spots. 


maximum. corresponds roughly to the time of appearance of the prawns when 
only small numbers are involved. On 17 March 1937 watch was kept at the 
jetty from 10.00 p.m. to 1.00 a.m. The moon (fifth night of the lunar month) 
which had been shining wnobscured, disappeared behind the station buildin, : 
at 11.00 p.m, During the next hour one Penacopsis, two Anchistioides, and ee 
Periclimenes came to the surface. Nothing further was seen. This abeneenent 
suggests that the direct action of light is the clue, but it cannot be inferred that 
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TIME: PM. 


Fra. 3.—Number of Anchistioides seen at the surface at definite time intervals. 
A. November 17, 1935. B. November 18, 1935. ©. April 17, 1936. 
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the condition of the night sky exercises a secondary control, though it may 
perhaps affect the intensity and duration of swarming. There is sufficient 
proof in the records that swarming is independent of wind and weather ; it takes 
place on clear starlit nights, during the appropriate period of the lunar cycle, 
and does not occur at other times when the Jight of the moon is totally obscured, 
so that it is likely that some factor other than the state of the sky is responsible 
for the maintenance of periodicity if the action of light is the primary factor, 
In fig. 4 the number of appearances of the prawns Anchistioides and Penae- 
opsis can be compared with the number of observations that have been made 
on each day of the lunar month. It is obvious that the ratio of appearances to 
observations is greatest at the beginning and end of the month in Penaeopsis, 


7 8 9 ION i2 13 1415 1617 18 19 2021 22 23 24 25 2627 28 29 


Fig. 4.—The number of appearances of prawns (black) and the total number of observations 
on each night of the lunar month. Above, Anchistioides ; below, Penaeopsis 


as it has already been shown to be in Anchistioides. The figure indicates, in 
addition, two maximum. values in the lunar month. one just after the new nore 
and a second in the last-quarter phase, the latter being the more important 
These two maxima had been noticed previously in the daily graph of obsacvations 
on Anchistioides, and it was noted that the first maximum (the maximum 
before the new moon, and therefore the second in the lunar month, and in the 
sense in which it is referred to above) grows in importance with each swar 
from February to July, while the second diminishes. 

The periodic rhythm can be further defined by working out the relative 
intensity of swarming for each day of the lunar month (figs. 5 & 6). This has 
been done by reducing all periods of observation to one hour and ronkpieane 

“ oS 


ming 
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Fic. 5.—Relative intensity of appearances at the surface during the 
lunar month of Anchistioides antiguensis, 
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the number of prawns captured in this time by the fraction—number of 
appearances over number of observations. This procedure results in heighten- 
ing the contrast of the curve produced by the total captures themselves, and 
gives a more correct picture of relative intensity than that obtained by plotting 
the total captures only. The lunar rhythm is shown to increase to the second 
night of the moon and then decrease to the ninth. On the sixteenth activity 
begins again, and on the twenty-fourth swarming becomes intense, culminating 
on the twenty-sixth night, and then falling off rapidly before the next new 
moon. 

The curve for Penacopsis, worked out in the same way (fig. 6), exhibits the 
same maxima on the second and twenty-sixth night, showing that this prawn 
is governed by the factor or factors that bring about the rhythmic appearances 
of Anchistioides. Penaeopsis, however, has a seasonal fluctuation that is not 


O44 23 45 6. 7 8 OO 1213 14°15 167 1819 2021 22 23°24 25 762nze eS 
DAYS OF LUNAR MONTH 


Fic. 6.—Relative intensity of appearances at the surface during the 
lunar month of Penaeopsis goodei and P. smithi. 


marked in Anchistioides, for the numbers that come to the surface in J une, July 
and August far overshadow those appearing during the remaining months ss 
the year. Large swarmings of Anchistioides have been observed in April 
May, and June, and again in October and November. As pointed out in ne 
previous paper, the break in the summer months is due to the dying out of one 
generation in July and the appearance of another at the next lunar period. 
The winter decrease is presumably due to seasonal conditions, 

The data thus show that Anchistioides and Penaeopsis come to the surface 
usually about an hour after sunset on certain consecutive days at regular inter- 
vals throughout the year. Each period covers the time of the new moon 
and is characterized by a double peak of intensity, the peaks coinciding with 
the second and twenty-sixth night of the lunar month, and the numbers that 
appear at each period are subject to seasonal and other fluctuations. 


ares 
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THE CONTROL OF PERIODICITY. 


In the previous paper certain factors were reviewed that might be expected 
to control periodicity. They may be divided into regular or recurrent and 
non-regular, the former including the daily tides and alternating periods of night 
and day, the monthly periods of the moon, the spring and neap tides, and annual 
seasonal changes with which are associated growth and reproduction. The 
non-regular factors include conditions mainly dependent on the weather, 
the state of the night sky, clearness of the water, and the currents that depend 
on the winds. It is impossible to avoid the conclusion that the causal or 
controlling factor of periodicity is included among the recurrent forces, and the 
coincidence with the moon’s phases is so strongly marked that there can be little 
doubt of a causal relation. This may be either direct—that is, that the prawns 
are sensitive to light—or indirect, through the tides or through the movements 


- of the food, which is sensitive to light. 


Anchistiordes is a completely nocturnal form. More than a thousand have been 
captured at night, but not one has been seen during the day in natural conditions 
in spite of many and varied attempts to find them. This species, therefore, 
can be expected to avoid light, and the light of the moon appears to be the 
obvious controlling factor. This can be the case also with Penaeopsis, although 
both species of this genus can be dredged from sand in the daytime. When 
Anchistioides is exposed to full moonlight in a half-shaded dish it makes no 
attempt to seek the shade, but swims or rests on the bottom of the dish, showing 
no partiality for light or darkness, activity or quiescence ; and while such experi- 
ments cannot be considered conclusive, because the prawns are living in 
abnormal conditions, there are nevertheless several instances among the records 
of appearances in moonlight (1 and 28 November 1935, 25 May 1936) which 
suggest that light is not the controlling factor, although it is probable that 
light may limit and darkness extend the period of swarming. It seems evident 
that daylight inhibits activity since the prawns make their appearance only 
after sunset; but here again the experimental evidence of aquarium specimens 
is conflicting. Anchistioides put into an aquarium with patches of sand, 
mud, and rocks do not seek shelter from reflected sunlight. They swim or 
rest against the sides of the aquarium, indifferent to light and shade, and they 
do not go to the bottom at all. 

Marking experiments were made in order to discover their hiding places during 
the day. Five specimens were tied with fine thread round the body in front 
of the first pair of pleopods, and the free end of the thread was stuck with Duco 
transparent waterproof cement to a small triangular piece of Whatman, drawing 
paper coated with the cement. These specimens were released in Ferry Reach 
off the jetty at half-tide (rising) on a calm sunny morning. Four of the five 
swam downwards at an angle of about 30° to the surface in a direct line to the 
south after one or two circling movements at the surface. This direction took 
them into deep water, though also towards the sunlight, and the marks could not 
be followed farther than a depth estimated as 10 feet. The fifth specimen 
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continued to circle erratically at the surface with occasional spurts to the 
south. Discovery of the marks at the bottom with the diving helmet was pre- 
cluded by the sudden onset of bad weather, which lasted several days. 

This experiment indicates that the prawns are sensitive to direct sunlight, 
and it may be that light of less intensity is slower to produce the avoidance 
reaction. Crozier (1924) has shown that the inhibition of stereotropism in 
Tenebrio larvae is controlled by a fairly sharply marked value of intensity 
(white light), and that there is a maximum sensitivity in the yellow-green 
(5300-5400 A.U.), while Hecht (1922) showed that the most effective portion 
of the spectrum for the stimulation of Mya arenaria is near 5000 ALU. in the 
blue-green. Light from the ecological standpoint may be regarded as radiant 
energy of wave-lengths from 3000 to 7200 ALU. (Klugh, 1925), and moonlight 
is said to be identical with sunlight in nature, differing from it only in intensity 
(Fox, 1924). Since the activity of the prawns is inhibited until dark, control 
by intensity is indicated, but this provides no explanation of the double 
periodicity over the time of the new moon, nor does it allow the appearance 
of prawns when the moon is shining. 

The partial polarization of moonlight has been suggested as the responsible 
factor in the lunar periodicity of reproduction, but Fox (1932) has shown 
that very much more polarized light is incident on the earth during the daytime 
than on moonlight nights, and suggests that the additional illumination of moon- 
light may impose a lunar periodicity if the ripening of the gonads depends upon 
the total amount of light. This problem is different, however, for the ripening 
of the gonads and the subsequent spawning are correlated with the full moon 
(Fox, 1924, Orton, 1926, Amirthalingam, 1928), and it is the increased amount 
of polarized light incident upon the animals at the times when the moon is 
shining that is in question, while Anchistioides and Penaeopsis, in avoiding 
the light, may be reacting to that part of sunlight or moonlight which is polarized. 
Crozier and Mangelsdorf (1924) have worked on the relative stimulating efficiency 
of polarized and non-polarized light in experiments that are much closer to the 
effects observed in the prawns, but they found no sensible difference in behaviour 
with blowfly larvae, the negatively phototropic land Isopod Oylisticus convexus, 
and the positively phototropic coral-red Milkweed beetle, T'etraopes tetraophthal- 
mus. If polarized light is inimical to activity, it follows of course that the 
appearances of prawns at the surface must be restricted to moonless nights. 
On the whole the evidence appears to be against polarized light, but until 
further experimental work has been done both polarized and non-polarized 
light remain as possible controlling factors. 

The effect of the shorter wave-lengths of visible light and the ultra-violet 
range have not been taken into consideration in this connexion, but the enquiry 
is a promising one, especially perhaps with regard to reproductive periodicities. 

In marine animals the activity of light in stimulating the reproductive organs 
and in inhibiting movement depends on its penetration through the water 
to the animals concerned. The penetration of light is thus of great significance, 
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Poole and Atkins (1928), measuring the intensity of light at various depths by 
photoelectric methods at Plymouth, have found that the opacity of the water 
is a considerable factor in cutting down penetration. They state (1929) 
that there is a certain absorption all the year round from inorganic material 
suspended in the water, and they account for layers of relatively great opacity 
‘at different levels, even on the same day and within short periods of time, 
during which there are no indications of any water movements ’ by the aggre- 
gation of zooplankton at these levels of high absorption. 

The movements of the zooplankton are controlled by the intensity and the 
duration of light. In the daytime the intensity in shallow water is probably 
well above the threshold of inhibition of most negatively phototropic organisms. 
At dusk the more insensitive forms should appear and reduce further the pene- 
tration of moonlight or the light from the night sky, the latter being presumably 
just above the threshold of inhibition of the sensitive forms. This should result 
in increasing the contrast between the appearance of negatively phototropic 
organisms in the dark of the moon and in moonlight, and should allow such 
organisms to come to the surface on nights when the moon is totally obscured. 
The records do not support this, but, if matter in suspension reduces the pene- 
tration of the wave-lengths that are important in regulating the activities of 
the prawns, then occasional anomalous appearances can be explained by the 
chance occurrence of such matter. 

The other recurrent forces are the tides and the seasonal changes of growth 
and reproduction. The daily movements of the tide have been examined and 
rejected. There remains the possible influence of the spring and neap tides, 
but since the greater rise and fall of the tide occurs at the full as well as the new 
moon (fig. 1), while the periodicity is confined to the latter, it is evident that the 
tides cannot be made responsible. 

It is difficult to imagine how the forces of growth and reproduction could 
bring about periodic activity unless by some internal rhythm, and it is almost 
inconceivable that such a periodicity should have been maintained through 
three generations over a period of more than two years in such exact coincidence 
with the lunar phases without some form of external regulation correlated with 
those phases. Fig. 7 shows, however, that when Anchistioides are kept in 
captivity the number of moults increase decidedly from the 18th to the 22nd day 
of the lunar month, and there is evidence that for part of the adult life moulting 
takes place once a month only. Specimens kept together usually turn upon 
and eat any of their number that casts its skin. Two specimens caught on 
17 October 1935, thought to be females, were isolated on 18 October. On 
21 October one of them moulted, and the cast skin showed traces of an appendix 
masculina. On 30 October a cast skin was found, apparently belonging to 
the second prawn, which also had traces of the appendix. On 4 November 
there was another skin, and one of the specimens was dead and partly eaten. 
After this confusion the surviving specimen moulted on 22 November, and was 
definitely male. It was fed, and remained alive to moult on 20 December 
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(28 days later) and again on 22 January (31 days later). It died on 12 February 
1936, probably from lack of food. Thus there seems some slight evidence for 
an internal rhythm of moulting which, when established, precedes the swarming 
period and occurs once a month. Presence at the surface might thus be 
interpreted as increased activity following the enforced seclusion at the time 
of moulting, while absence represents the time of moulting itself. The data of 
swarming, however, suggest that the internal rhythm is a consequence rather 
than a cause ; for it appears that only when the secondary sexual characters 
are formed is moulting a monthly occurrence, and periodicity is established 
before this. 

In the previous paper a suggestion was made that the two maxima of appear- 
ances in the lunar month represent two stages of growth. Had the maximum 
of moulting fallen between the maxima of appearances this might have been 
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Fic. 7—Number of moults made by Anchistioides antiguensis in 
captivity on each day of the lunar month. 


the explanation of a puzzling phenomenon. The matter is evidently more 
complex, although the general increase in moulting over the active period, 
and especially the large number of moults on the 28th day, suggest that the 
double periodicity and moulting are somehow connected. This may possibly 
be explained by differences in growth between the larvae hatched at the two 
lunar periods of the breeding season (May and June). 

The influence of reproduction and the non-recurrent factors have already 
been dealt with, but there is still the question of a transferred periodicity—that 
is, a periodicity existing in some other group of animals which affects intimately 
the life of the prawns. This was suggested as an explanation in the previous 
paper. Anchistioides and Penaeopsis feed normally on certain species of 
polychaet worm, which can be seen sometimes in large numbers at the surface. 
Two species are eaten, and in each case the capture of worms has been observed, 
the setae from stomachs have been identified, and captive prawns have been 
fed with living specimens. I am grateful to Professor J. P. Moore-of the 
University of Pennsylvania for identifying the worms. The red heteronereid 
(RH in the records) is the male epitoke of Perinereis melanocephala M’Intosh, 
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and the brown heteronereid (BH) is the epitokous form of Leptonereis Sp., 
close to and possibly identical with L. glauca Clap. of European waters. The 
epitokous phase of a small syllid (probably T'yposyllis diplomorpha Verrill) 
and Odontosyllis enopla, the ‘ fire-worm ’, which has a well-marked periodicity, 
are not eaten. No correlation can be established between the abundance of 
the worms and the intensity of swarming. It is true that the worms are 
frequently abundant at the same time of the night and period of the month, 
but the observation of 15 June 1936, when 110 Anchistioides were seen in 
an hour, but few Perinereis, and no Leptonereis appeared at the surface, should 
serve to disprove the possibility of a transferred periodicity. 

The occasional appearances of Periclimenes, Penaeus, and Leander are sum- 
marized in fig. 8. Here again is a rhythmic pattern of activity and quiescence 
over the new and full moon. 

This review of the possible factors leads to the conclusion: that the most 
acceptable cause of periodic swarming is the direct inhibitory effect of light. 
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Fic. 8.—Appearances (one or more) at the surface during the lunar month of 
Periclimenes americanus gl, Penaeus brasiliensis [_], Leander affinis pq. 


No proof is available, certain observations appear contradictory, and the double 
period of intensity is inexplicable unless another factor is involved. This 
may have some connexion with growth, as suggested above, but at present 
our knowledge is not sufficient to demonstrate it. 

The general conformity exhibited by the larger prawns suggested naturally 
that the same effect might be apparent in the smaller crustacea and other 
animals included in the plankton. The trial stage of this investigation has been 
passed with encouraging results. A high-speed tow-net was used in addition 
to the Monel metal net on the standard run with the launch, and the catches 
analyzed quantitatively. The same periodicity is clearly apparent in the 
polychaets, but many more records must be gathered before any conclusion 
can be drawn regarding the other animals of the plankton. 

Hardy and Gunther (1935) have touched upon this question from a somewhat 
different angle. They give as data the catches from 1-metre horizontal nets 


used during the first plankton survey of South Georgia. Nets from all depths 
| 25% 
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are given, since they say that ‘ swarms formed under lunar influence would not 
disperse in diurnal migration’. This suggestion indicates that the authors 
have in mind the sexual congresses of polychaet worms rather than the possi- 
bility of a complicating factor in vertical migration in which part or the whole 
of the plankton may be concerned. The catches were made over a large 
area, so that the conclusion of the authors is justified that ‘ any apparent 
correlation of numbers with phases of the moon is likely to be due to 
differences in regional distribution rather than the effect of lunar periodicity ’. 
They continue, ‘On the other hand, it is just possible that the reverse is in 
fact the case, and that our idea of distribution is upset by the influence of 
the moon upon swarming’. It is hoped that the outcome of the analyses of 
standard towings will provide the answer. 


SUMMARY. 


The prawns Anchistioides antiguensis, Penaeopsis goodei, and Penaeopsis 
smithi come to the surface at regular intervals through the year about an hour 
after sunset. The intervals coincide with the time of the new moon, but the 
numbers reach a maximum on the second night of the lunar month and again 
on the twenty-sixth night. 

Penaeopsis has a seasonal fluctuation, the numbers being greatest in the 
summer (June, July, and August), while Anchistioides is less frequent in July 
and August and again from December to March. The summer reduction is 
due to the dying out of a generation in July ; the winter scarcity to seasonal 
conditions. 

Some data are given suggesting a growth periodicity in Anchistioides, the 
moults among captive adults occurring more frequently from the eighteenth 
to the twenty-second day, and again on the twenty-eighth day than at other 
times during the lunar month. 

The factors controlling periodicity are again reviewed, and the effect of light 
selected as the most likely one, inhibiting the activity of the prawns, but being 
occasionally subject to interference by non-regular conditions such as the opacity 
of the water. , 

Observations on Penaeus brasiliensis, Periclimenes americanus, and Leander 
affinis show that these prawns are subject to similar control. 

Preliminary work on periodicity in the plankton by standard tow-netting 
is described. 
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INTRODUCTION. 


The following is an account of the external and internal anatomy of a new 
species of the Ascothoracican genus Baccalaureus. The material on which 
this description is based was obtained from polyps of the Zoanthid Palythoa 
howesi, collected in 1891 at Thursday Island, Torres Straits, by Professor 
Haddon, and since then deposited in the British Museum (Natural History). 

Owing to the long period of preservation of the material it was not possible 
to make a complete investigation of the internal anatomy, but happily sufficient 
detail could be discerned to allow of a comparison to be made between the 
general features of the internal anatomy of this species and those of Baccalaureus 
hexapus (Pyefinch, 1936). 

Fundamentally the anatomy is similar to that of other species of Baccalaureus 
previously described (B. japonicus, Broch, 1929, Yosii, 1931; B. maldivensis, 
Pyefinch, 1934; B. argalicornis, Brattstr6m, 1936; B. hexapus, Pyefinch, 
1936). Thus in the account given below only those characters which show 
conspicuous differences from those of other species are discussed in any detail. 
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EXTERNAL ANATOMY. 


Three specimens were avaiable for examination, though one of these had been 
dissected so as to expose the segmented body within the coiled lobes of the 
mantle. In general external appearance the complete specimens resembled 
the other species of Baccalawreus, having the mantle divided into a median 
lobe and coiled lateral lobes. The specimens examined indicate that the 
present species is rather larger than those previously described (figs. 1, 2), 
the dimensions being :— 


Specimen [yeas a Axis (a) 11-0 mm., axis (6) 7-5 mm. 
Specimen 2. .2..-.. Axis (a) 9°0 mm., axis (b) 6-5 mm. 


The surface of the lateral mantle-lobes is raised into numerous minute papillae, 
which in section are seen to have a structure similar to those of B. hexapus 


M7./. 
Fic. 1.—Baccalaureus  torrensis. Whole Fic. 2.—Ventro-lateral view of a whole 
specimen, seen from the side; » 10. specimen; X10. 1./,, lateral lobes of 
L.l., lateral lobes of the mantle ; m.l., mantle ; m.l., median lobe of mantle ; 
median lobe of the mantle. a and b m.op., opening of mantle cavity. 


indicate the axes along which the 
measurements recorded in the text were 
taken, 


(Pyefinch, 1936, pl. xxxvi, fig. 8). In a cleared specimen the lateral coils were 
seen to have the branches of the gut and the yolk-glands within also as in other 
species of the genus. 

A comparison of the degree of coiling of the lateral mantle coils in B. torrensis 
with that of other species shows that they are coiled to a greater extent in the 
former (see Table). ; 
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TABLE. ; 
Degree of coiling of the lateral mantle-lobes. 
Species. Angle turned (measured in degrees). 
ES MIRDONUOUS MMe Mths oars. 360°. 
SACU PUG. © sa ieroan sob loo 360° +180°+-90° (app.). 
B. maldivensis ....... 360° +-180°+-170° (app.). 
B. argalicornis ........ 360° +360° (app.). 
LS SLONECN SUSI Ei sae eos 360° +360° + 15° (app.). 


So far as can be made out from the very limited numbers of specimens of each 
species that have been available for examination this degree of coiling of the 
lateral lobes is not completely constant, as individuals of the same species show 
variations amounting to as much as 10°-15°. Thus the degree of coiling of 
the mantle-lobes is only of limited value as an aid to diagnosis of species in the 
genus Baccalaureus. Furthermore, there is apparently little correlation between 
the degree of this coiling and the degree of development (or degeneration) of the 
segmented body within. A comparison of the Table and fig. 4 will emphasize 
this point. 

The segmented body. 

The general relationships of the segmented body with the median and lateral 
coils of the mantle are the same as those of other species of Baccalaureus. 
Details of this attachment are shown in Brattstrom (19364, figs. 2 B, p. 3, 
3A, p. 4). 


(a) The segmentation of the thorax. 

Before describing the more important features of the segmented body in 
detail it is first necessary to compare the segmentation of the thorax in this 
species with that of other species of the genus, as Baccalaureus torrensis shows 
an interesting intermediate stage in this segmentation, from which it is possible 
to suggest the way in which compression and fusion of the thoracic segments 
may have taken place. . 

In an earlier paper (Pyefinch, 1934) it was suggested that the four-segmented 
thorax of B. maldivensis (as compared with the six segments of the thorax 
of Laura gerardiae, the other species of the Lauridae) might have arisen in one 
of three ways: (a) the two segments may have been lost entirely ; (6) they 
may have lost their appendages and be represented by the two segments termed 
first and second abdominal ; or (c) they may have fused with the head. 

The series now available shows that none of these tentative suggestions were 
correct, and that actually the process of reduction to the four-segmented thorax 
has taken place by :— 

(a) The fusion of the first thoracic segment with the head. 
(6) The fusion of the fifth and sixth thoracic segments. 

Fig. 4 shows the segmentation of the thorax in the known species of Bacca- 
laureus. As is shown in this figure the fusion of the thoracic segments has been 
accompanied by the reduction and loss of the posterior thoracic appendages. 
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B. argalicornis, as described by Brattstrém (1936), is placed as the first member 
of this series. In his description he states that this species has six thoracic 
segments, the first being fused with the head. There are four pairs of thoracic 
appendages, found on segments 3 to 6 (inclusive), but so far as I have been able 
to ascertain from his diagram and description there is no appendage on thoracic 
segment 2. It does not seem possible to determine the homologies of these four 
appendages further at present, as Brattstrém has only examined his specimens 
externally. Thus it is impossible to determine which of the four pairs of 


ant.2. 


P /'Omm. 


Fic. 3.—The se Tr ‘1 SI 
Gc. 3.—The segmented body, from the right-hand side. abd.l, abd.4, lst and 4th 
abdominal segments ; add.m., adductor muscle ; ant.1, antennule (2) $+ ané.2 
ae . ; see a 
antenna (?); ch.., chitinous ridge; g., gut; o.c., oral. cone; pe pene 
oa , 7 ae Porlc j ; Fé 5 
r., rami of caudal fork; ¢e., area occupied by testes; th.2, th.5, 2nd and 5th 


thoracic segments ; th.app.l, th.app.2, th.app.6. Ist, 2nd, and 6th thoracic 
appendages. 


appendages bears testes, which, as may be seen from fig. 4 and from the 
description below, is of importance in determining homology. 

. Thus, in spite of the fact that the fifth and sixth segments of this species are 
free and unfused, the position of B. argalicornis as the least specialized member 
of the genus must be regarded with some doubt. 

In B. torrensis there are four free thoracic segments. The first three of these 
each bear a single pair of appendages, but the fourth has two pairs, so that it 
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seems probable that this segment represents the fused fifth and sixth segments. 
Testes are only found on appendages 2 to 4 (inclusive). 

In B. japonicus the appendages attached to the four free thoracic segments 
have been reduced to four pairs, one pair to each segment. Only the first 
three pairs, however, bear testes. According to Broch (1929) these four pairs 
of appendages are subequal in size. 

In B. maldivensis the condition is very much the same as that of B. japonicus, 
except that the appendages of the fourth segment are reduced in size, whereas, 
finally, in B. hexapus this fourth pair have been lost entirely and there are now 
four free thoracic segments of which only the anterior three bear appendages. 

In this description of the thoracic segments and their appendages no mention 
has been made of the appendages of the first segment. This description has 
been omitted because the position of these appendages is at the moment 
uncertain. The term first thoracic appendage has been applied by Yosii 
(1931), in his description of the ‘female’ of B. japonicus, to the anterior, 
coiled projections of the segmented body, here termed antennules (fig. 3, ant.1). 
Brattstrom has followed Yosii in his terminology of the appendages of 
B. argalicornis. Both these workers regard the appendages at the sides of the 
oral cone (here termed first thoracic appendages, fig. 3, th.app.l) as the 
antennules. It is not easy to decide between these widely divergent views, as 
the exact point of insertion of the appendages at the side of the oral cone, 
whether pre- or postoral, is difficult to ascertain, partly because of the extensive 
fusion of the head region with the mantle and partly because of the mass of the 
adductor muscle. Moreover, in his description of B. japonicus, Yosii has used 
the term antennule for appendages which differ in their position ; this point 
is more fully discussed in a previous paper (Pyefinch, 1936). 

Thus in the present description the terms antennule and first thoracic 
appendage have the same application as in B. hexapus, but the possibility 
remains that alterations may have to be made later, 


(b) Details of the external anatomy. 


As in the other species of Baccalaureus there is a pair of elongated projections 
anteriorly (fig. 3, ant.1), which curve away outwards and downwards. They 
are of some length, as their tips reach the outermost coils of the mantle. 

Just posterior to the base of the projections referred to above is a small, 
oval plate-like projection (fig. 3, avt.2). Ina previous paper this has been termed 
the antenna. The general relationships of this plate with the head region are 
the same in B. torrensis as in B. hexapus. In his description of B. argalicornis 
Brattstrém shows (fig. 4, p. 7) that this plate has a finger-like projection pos- 
teriorly, which points sharply upwards. In B. torrensis this posterior projection 
runs approximately parallel to the thickened lateral chitinous strip (fig. 3, ch.r.), 
but in an earlier description of B. hewapus it has been stated that the projection 
is anterior and not posterior. In the light of Brattstrém’s work I have re- 
examined the material of B. hexapus, but can find no trace of a posterior 
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projection in this species. A difference of this nature between two species is 
surprising. 

There is also a thickened strip of chitin running along the body-wall; its 
appearance and extent are exactly similar to that of other species of the genus. 
Between these two lateral thickenings of the chitinous exoskeleton the body- 
wall is very thin. Dorsally it’ becomes crumpled into a series of irregular 
grooves. Particularly towards the anterior end this dorsal area is covered 
with numerous fine setae, and as debris can be detected between these setae 
it is possible that they may serve to remove debris from the mantle cavity. 
The same function is also possible for the stronger rows of setae which are 
to be found on the posterior thoracic segments and the anterior abdominal 
segments (fig. 3; fig. 10, d.s.). 


4 thapp2 


Nth 0.3. 


Ta) 
Olmm., 


Fia. 5.—The first thoracic appendage of Fie. 6.—Arrangement of the posterior 
the right-hand side. Lettering as thoracic appendages. Lettering as 
before. before. 


The structure of the oral cone and the arrangement of the mouth-parts within. 
it is closely similar to that already described for B. hexapus. 'The only important 
difference is that in the present species the first maxillae are better developed. 
The arrangement of the setae on the mouth-parts is also the same in the two 
species, but in the present instance there are distinct traces of debris round 
the mouth-parts, particularly between the tips of the mandibles. 

The first pair of thoracic appendages (antennules, Yosii, Brattstrém) are 
situated on either side of the posterior part of the oral cone (fig. 3, th.app.1). 
Their distal parts are turned backwards, so that the long axis of the limb is 
roughly parallel with the axis of the body, but their proximal parts, which run 
up dorsally, are partly hidden by the adductor muscle above. On the upper 
(posterior) side of the distal part are a series of irregular lobes (fig. 5), and 
towards the tip is a small tuft of setae. Terminally the appendage bears two 
stout, claw-like setae, set some-little distance apart. 
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The remaining five pairs of thoracic appendages are all directed slightly back- 
wards. The first three pairs are roughly subequal, but the other two pairs 
are much smaller. The second and fourth limbs overlap the third to some 
extent (fig. 6). 

The setae of the thoracic appendages are found only towards their distal ends. 
Sufficient material was not available to allow the arrangement of the setae 
on any one limb to be determined with any certainty, but the genera] arrange- 
ment is that the distal part of each limb is clothed with fine setae, together 


Fic. 7.—Second thoracic appendage. Fia. 8.—Fourth thoracic appendage. 
t.s., terminal setae ; te., testis. Lettering as before. 


Fic. 9.—Fifth and sixth thoracie appen- Fic. 11.—The caudal fork. b.sp., broken 
, . SP. x 
dages. Lettering as before. terminal spines of ramus. Other 
lettering as before. 


with a few stouter, claw-like setae. The latter are to be found particularl 
at the tip and along the posterior border of the appendages. There is mer: 
tendency towards a reduction of the number of these claw-like setae in the more 
posterior appendages (cf. figs. 7, 8, & 9). 

Hanging downwards, in the middle line, from the posterior border of the 
first abdominal segment is a small projection, with a tuft of setae on its upper 
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edge (fig. 10, pe.). This has been termed “penis > when it occurred in other 
species of Baccalaureus, but here the term is applied only in the descriptive 
sense. As will be shown later, it is not easy to see how it could act as an intro- 
mittent organ. 

The segmented body ends in a well-developed caudal fork, closely similar 
in form to that present in other species of Baccalaureus (fig. 11). Unfortunately 
in all the material available for examination the terminal spines had broken 
away, but there is good reason to believe that the normal number of three were 
present. 


Fie. 10.—Anterior part of abdomen, showing penis and dorsal setae. d.s., dorsal setae, 
with entangled debris. Other lettering as before. 


INTERNAL ANATOMY. 
1. The gut. 
The nature and extent of the gut is similar in the present species to that of 
Baccalaureus hexapus and B. maldivensis (Pyefinch, 1934, 1936), but there are 
two points of interest which call for some discussion. These are :— 


(a) The termination of the gut. iy 
(b) The granules to be found within the gut epithelium. 


In B. japonicus, Yosii (1931) has recorded that the gut opens posteriorly 
on the dorsal surface of the fourth abdominal segment. In B. maldivensis 
and B. hexapus the gut cannot be traced with certainty beyond. the fourth 
free thoracic segment. In the present instance no definite anal opening can 
be found either on the last abdominal segment or elsewhere, but it is not easy 
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Fic. 12.—Transverse section of the gut, posterior to the point of origin of the lateral diver- 


ticula. gr., yellowish-brown granules ; /.p., lower part of gut ; U.p., upper 
part of gut, 
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to decide exactly where the gut actually does end. In whole mounts of the 
segmented body the gut can only be traced as far as the anterior end of the 
first abdominal segment (fig. 3, g.), but in serial section it is seen to be more 
extensive. ‘Towards the end of the thorax and in the anterior segment of the 
abdomen the diameter of the gut rapidly decreases, the lumen becomes reduced 
and finally disappears completely. Thus in this region the gut is represented 
by a solid cord of cells, rather vague in outline. If this cord is traced further 
posteriorly a lumen, very irregular in outline, appears in the solid mass of cells. 
This irregular lumen is continuous in the posterior segments of the abdomen 
with a larger, but still irregular cavity. Finally, this latter cavity also ends 
blindly. Thus in Baccalaureus torrensis there is no evidence of the presence 
of an anus, and the indications are that there is some degeneration of the hind 
gut. 

Practically the whole of the gut epithelium is filled with rounded granules, 
which vary in colour from a deep brown to a light yellow (figs. 12, 13, gr.). 
Towards the anterior end of the gut these granules occur in small scattered 
groups, but in the more posterior parts of the gut, in the segmented body, 
and in the gut branches of the lateral coils they are much more abundant, 
and give the gut a most striking appearance, as seen in transverse section. 

Immediately posterior to the point of origin of the lateral diverticula of the 
gut (these diverticula pass out into the lateral coils of the mantle, and there 
give rise to a branching system) the whole gut moves dorsally. It is here 
that the contrast between the anterior and posterior parts of the gut is most 
marked. Fig. 12 shows a section of the gut at this point. The lower part 
(fig. 12, l.p.), which corresponds in character to the gut anterior to this point, 
is composed of a columnar epithelium containing scattered granules. On the 
other hand, the upper part (fig. 12, w.p.), which resembles the gut posterior 
to this point, shows little evidence of a regular epithelium at all. Cell-walls 
are difficult to distinguish, the inner border of the tissue is vague, and the whole 
area is packed with granules. 

Generally speaking, the gut branches of the lateral mantle coils are also packed 
with granules, but their condition in this respect seems to be variable. Of two 
such branches, situated side by side, one epithelium may be full of granules 
whereas that of its neighbour is almost empty. Granules were also observed 
free within the lumen of these gut branches (fig. 13, gr.1), but their presence 
in this position is almost certainly due to the breakdown of some of the epithelial 
cells (fig. 13). ‘Throughout the gut there are also blue staining masses. These 
masses appear to be contained in vacuoles situated towards the inner ends of 

ithelial cells. 
ees of these yellow-brown granules in the gut is obscure. Lacaze- 
Duthiers (1882), in his description of Laura gerardiae, mentions that the gut and 
hepatic diverticula were filled with granules. He suggested that these granules 
were excretory in nature, and therefore regarded the gut simply as an excretory 
organ. In Baccalaureus hexapus and in the present species (see pee) there 
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are maxillary glands, which presumably function in the normal way as excretory 
organs, so that it is not certain that these gut granules are excretory. 

It is perhaps significant that similar granules could be found, in the present 
instance, in the Zoanthid tissue overlying the mantle coils (fig.14, z.t.),immediately 
under the chitinous outer layer (fig. 14, gr.), and also within amoebocytes within 
the mantle (fig. 14, am.). This evidence, admittedly purely morphological, 
would suggest that the granules were being absorbed from the Zoanthid tissue 
and passing into the Ascothoracican. The most probable means of transport 
of these granules within the Ascothoracican would appear to be the amoebo- 
eytes, which, laden with granules, are to be found round the gut both in the, 
segmented body and in the lateral coils (fig. 23, am.). 


Fia. 13.—Transverse section of a branch Fia. 14.—Transverse section of the wall 
of the gut, from a lateral mantle coil. of a lateral mantle coil. am., amcebo- 
gr.l., yellowish-brown granules free in cyte, containing granules ; ch.l., chi- 
lumen ; m., blue staining mass. Other tinous exoskeleton of Ascothoracican : 
lettering as before. z.t., Zoanthid tissue. Other lettering 

as before. 


Because of the paucity of material available for examination, and because 
of the length of time that the material had been preserved, it was not possible 
to carry out any micro-chemical tests on these granules and so to determine 
their nature. Until this is possible any suggestions as to their function must 
remain purely speculative. 

In a previous paper (Pyefinch, 1936) the nature and the source of the food 
of these specimens of Baccalaureus was discussed in some detail. Since the 
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appearance of that paper Brattstrém has recorded that in B. argalicornis 
the mantle cavity may communicate directly with the exterior by means of 
a small pore in the outer wall of the Zoanthid. It was not possible to detect 
any such pores in polyps of Palythoa containing B. maldivensis or B. heaapus. 
In the present instance it is extremely unlikely that any such pores occur, as 
Palythoa howesi has the polyps bound together into a solid encrusting mass. 


O-/mm. 


NNR 


Fia. 15.—Transverse section of the anterior part of the maxillary gland. c.b., conaecting 
bridge between the glands ; mw.gl., maxillary gland ; v.n.c., ventral nerve cori. 


The presence of such a pore leading direct to the exterior is of importance any 
consideration of the food source of these Ascothoracica, but Brattstrém, in 
a later (personal) communication, states that in another Instance where external 
pores have been observed, in the genus Ulophysema found within Lchinocardium, 


the pore did not develop until the parasite was full grown, It is thus possible 
| | 26% 
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that the external pore may also develop late in Palythoa polyps infected with 
Baccalaureus, but if this observation of the external pore could be confirmed 
and extended it would suggest means for the solution of many of the problems 
of the biology of Baccalawreus, notably the source of the food and the way of 
liberation of the larvae and the excretory products. 


2. The maxillary glands. 

In position and extent these are very similar to the glands already described 
in B. hexapus (Pyefinch, 1936). In the present species, however, there is no 
clear histological differentiation between the various parts. It seems unlikely 


CHEE 


ant. 2. 


me 
“A 


O-/mm. 


Fria, 16.—Transverse section through the anterior part of the thorax, showing the arrange- 
ment of the principal organs (diagrammatic). ch., chamber ; ew.t., exit ee : 
m.b., muscle band ; m.g., mid-gut ; pap., papilla in the inner side of the antenna, 
vn.c., ventral nerve cord ; v.p., ventral process of chamber ; vent.s., ventral sage 


that this lack of differentiation can be ascribed entirely to the effects of a lon 

period of preservation, so that in the description given below the terms aa 
sac ’, “communicating duct’, and ‘ maxillary sac’ have not been employed 
as there is no histological basis for their use. Throughout the gland the wall is 
very irregular, the whole of the protoplasm is faintly granular, with occasional 
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larger granules, apparently similar to those within the gut epithelium (fig. 15, 
gr.). Cell-walls cannot be distinguished, though the scattered nuclei are 
prominent. 

On each side the maxillary gland consists of a posterior sac-like part (corre- 
sponding to the end-sac of B. hexawpus) lying in the ventral part of the thorax. 
The extreme posterior tip of this part lies on the inner side of the ventral sac 
(see § 3 below) (fig. 19, mx.gl.). This terminal part runs forwards and slightly 
upwards as a broad duct (roughly rectangular in section) to the base of the maxilla, 


Frc. 17.Section through the base of the antenna, showing the opening of the dorsal 
glandular structure. b.ant.2, base of antenna; eat.op., external opening of 
exit tube. Other lettering as before. 


where it expands into a sac-like enlargement in the upper, posterior part of that 
appendage. At about this point the maxillary glands of each side are joined 
by a bridge-like connection immediately dorsal to the ventral nerve-cord, so 
that here the maxillary glands practically encircle this cord (fig. 15, c.6.). 
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The opening leading to the exterior is much more difficult to trace than in 
B. hexapus, but it seems possible that the type of opening is similar in the two 
species—that is, there is a narrow duct which leads out from the outer, ventral 
border of the maxillary enlargement of the gland. Unfortunately, in the 
present species there is a block of muscle at the side of the gland in the maxilla 
just at the point where this duct probably opens into it, and this makes precise 
identification difficult. 


3. Other ‘ glandular ° organs. 
Certain organs which are to be found in the anterior part of the thorax 
will now be dealt with. The term ‘ glandular’ is applied tentatively to these 


$) O-lmm. 


Fic. 18.—Vertical section through sac-like chamber. 
gr., granules. Other lettering as before. 


organs, as their connexions and homologies are obscure. These observations 
are put on record in the hope that later workers on the internal anatomy of 
Baccalaureus, with access to more freshly fixed material, may perhaps be able 
to link up these scattered observations with their own. 

For descriptive purposes these organs may be divided into two groups :— 

(#) Organs present in the dorsal part of the thorax, which have a definite 
opening to the exterior. 

(6) Organs present in the ventral part of the thorax. If external openings 
are present they are not visible in the present material. 

The relative positions of these two groups of organs are given in fig. 16. 

The organs of the first group open to the exterior by a well-marked opening 
at the tip of a papilla, which is situated on the inner side of the plate-like structure 
termed ‘antenna’ earlier in this account. From this external opening 
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(fig. 17, ext.op.) a narrow canal runs downwards and backwards into the thorax 
(fig. 17, ea.t.). The canal asa whole is clearly differentiated from the surrounding 
connective tissue, it has a well-marked lumen, but though the nuclei within its 
walls are prominent cell-walls are difficult to distinguish. The appearance of 
the canal suggests that it is lined with chitin. 

Some little distance within the thorax this canal widens out into a sac-like 
chamber (figs. 16, 18, ch.). The outline of this chamber is irregular, and differs 
on the two sides of the thorax. Within, it is lined with an irregular epithelium, 
with prominent nuclei. The protoplasm is faintly granular, and here and there 


a 


Fig. 19.—Section of the base of the ventral sac, showing its approximation to the terminal 
part of the maxillary gland. m.s., muscle sheath ; ma.gl., terminal part of the 
maxillary gland. Other lettering as before. 


are small groups of larger granules (fig. 18, gr.) which, after staining, closely 
resemble the granules within the gut epithelium. There are at least two finger- 
like projections arising from this chamber which run ventrally deeper into the 
thorax (figs. 16, 18, v.p.). These projections are clearer and more extensive 
on the right-hand side of the body ; one (the anterior) has a definite, rounded tip, 
but the posterior projection ends more vaguely. Each projection is hollow, 
their cavities being continuous with that of the chamber (fig. 18). Like that 
of the latter their lining epithelium is irregular. 

If the plate-like structure, at the base of which these organs open, is truly 
an antenna then these organs may be antennal glands (or parts of such glands), 


364 MR. K. A. PYEFINCH ON THE 


The exit-tube of the gland is clear, but the sac-like chamber may represent the 
duct (the end-sac being absent) or it may be the end-sac merged with the duct, 
and possibly also with the exit-tube. 

The organs of the second group consist, on each side, of a large sac, irregular 
in outline and roughly rectangular in section, situated in the ventro-lateral 
part of the thorax (fig. 16, vent.s.). Anteriorly this sac lies close up against the 
terminal part of the maxillary gland (fig. 19, ma.gl.). The walls of this ventral 
sac are formed of an irregular epithelium, and here and there traces of a muscular 
sheath are clearly discernible (figs. 19, 20, m.s.). The most striking feature 
of these sacs is that the whole of their epithelium is loaded with large granules 
which closely resemble those in the gut epithelium. Sometimes these granules 


Fig. 20.—Vertical section through the wall of the ventral sac, showing 
the aggregations of granules. Lettering as before. 


are scattered evenly through the epithelium, more often they are aggregated 
together, forming bulbous masses projecting into the lumen (fig. 20, gr.), and 
occasionally small groups are free within the lumen. 

Three suggestions may be put forward as to the nature of these ventro- 
lateral sacs :— 

(a) They may be separate glandular structures, unconnected with either the 
maxillary glands or with the structures (described above) more dorsal to them. 
Thus possibly they are comparable to the shell-glands of an Ostracod. Though 
there are duct-like projections leading ventrally out of each of these sacs and 
running down to the ventral surface of the body, there is no certain evidence 
of any external opening. Further, each sac ends dorsally in a vague tangle of 
muscle-fibres. 


al 
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(b) They may be diverticula of the terminal part of the maxillary glands. 
Though these two structures approach so closely that their walls are in contact 
(fig. 19) it is not possible to trace any actual connexion between them. Further, 
the presence of large numbers of granules in the sacs under consideration, and 
their absence from the terminal parts of the maxillary gland, does not suggest 
that there is a connexion. 

(c) They may represent the terminal parts of the structures described in the 
first group, ie. they may represent the end-sac of an antennal gland. This 
seems less likely than either of the other two alternatives, as 

(i) No definite connexion can be made out between the two groups of organs, 
though they approach each other closely on the right-hand side. 

(ii) The character of the epithelium of these sacs differs radically from 
that of the end-sac of a normal antennal gland. 

Thus the whole question of the homologies of these two groups of organs 
must be left open until more freshly preserved material is available. 


4. The nervous system. 

A reconstruction of this sytem is given in fig. 21. It presents several diffe- 
rences, mainly of a minor character, from the nervous system of B. hexapus. 
The more important of these differences are :— 

(a) There is some degeneration of the anterior part. Supra-oesophageal 
ganglia can be detected, but the circum-oesophageal commissure of the right- 
hand side is incomplete. Generally speaking the differentiation between the 
central mass of fibres and the outer layer is not so distinct as in B. hexapus 
(Pyefinch, 1936, p. 672). 

(6) The mode of origin of the nerves which arise in the region of the adductor 
muscle is slightly different. In B. hexapus they arise from the dorso-lateral 
region of the nerve-cord, and run out laterally just beneath the stem of the 
adductor muscle. In the present species they arise dorsally, and then run 
forwards for a short distance dorsal to the stem of the muscle (so that the 
muscle runs between these nerves and the ventral nerve-cord, see fig. 21, add.m.) 
before curving outwards (fig. 21, ne.3). 

Other nerves can be detected arising from the nerve-cord, though they cannot 
be traced far into the surrounding tissues. One pair arises from the circum- 
oesophageal commissures, and runs downwards towards the oral cone and the 
mouth region (fig. 21, ne.1), and a second pair, arising almost immediately 
behind the first pair, run outwards into the ovarial tissue (fig. 21, ne.2). 
Finally, at its extreme posterior end the ventral nerve-cord breaks up into 
four nerves which run backwards and slightly downwards towards the thoracic 
appendages. 

Though there are differences in diameter of the nerve-cord from one part to 
another (fig. 21), there are no detectable ganglia, and there are no sharp diffe- 
rences in the internal structure which might suggest that such structures did 


exist. 
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5. The reproductive organs. ° 
As in B. hexapus, and probably in B. maldivensis also, the present species 1s 
hermaphrodite. In B. japonicus, Yosii (1931) has described male and female 
forms, but there are indications in his descriptions that this material was really 
hermaphrodite. This point was discussed at greater length in an earlier paper 
(Pyefinch, 1936). Brattstr6m (1936) has described his specimen of B. argali- 
cornis as female, though he gives no evidence to support this determination. 


Tic. 21.—Dorsal view of a reconstruction Fic. 22.—Transverse section of the gut 
of the nervous system. c.0.¢., cireum- and oviduct, showing the relationships 
oesophageal commissure; ne.1, ne.2, between the median and lateral parts 
ne.3, nerves arising from the ventral of each. g.d., lateral diverticulum 
nerve cord, for description, see toxt. of gut; ov., ovarial tissue. Other 
Other lettering as before. lettering as before. 


He also describes a much smaller form, externally much like a cypris larva, 
which he suggests is a dwarf male. This is found near the mantle opening of 
the female, embedded within the polyp-wall of the host Zoanthid. In a later 
part of his paper he concludes that the form described as female might be 


actually hermaphrodite, in which case the dwarf male would be regarded as 
a complementary male. 
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In the material of B. torrensis available for examination there was no evidence 
of the presence of these dwarf forms, but it is clear that the larger form (corre- 
: sponding to the form described as female by Yosii) is hermaphrodite. 


(a) The yolk-glands, oviducts, and ovaries. 

As in B. maldivensis and B. hexapus the yolk-glands are to be found scattered 
round the outer edges of the branches of the gut in the lateral coils of the mantle. 
Their internal structure in this species is essentially the same as in B. hexapus. 

There is a large, median, sinus-like oviduct, situated immediately dorsal 
to the gut in the anterior part of the segmented body. This median portion 


Fic. 23.—Transverse section of segmented body, showing the mutual relationships of 
gut and spermathecae. spm., spermatheca. Other lettering as before. 


of the oviduct opens anteriorly and posteriorly into lateral portions which run 
outwards on each side of the body. 

The posterior lateral portions of the oviduct system run sharply ventralwards 
and slightly backwards, to open ventro-laterally in front of the second thoracic 
appendage. On their course ventrally each oviduct passes in front of the 
‘antennal gland ’. 

_. The anterior lateral portions are wider ducts which lead out into the lateral 
mantle coils, where they form a complex branching system, roughly following 
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the course of the branched mid-gut, and associated with the yolk-glands. 
Fig. 22 shows the relations of these anterior branches of the oviduct with the 


lateral diverticula of the gut. 

The ovarial tissue appears to be concentrated at the sides of the gut near 
the point where the anterior diverticula of the oviduct arises (fig. 22, ov.). 
The ovarial tissue is rather more extensive than that of B. hexapus, and consists 
of loose masses of tissue, with small, rounded cells, presumably the oocytes, 
scattered within. 

There is one conspicuous difference between the female reproductive system 
of the present species and that of B. hexapus. From the posterior lateral part 
of the oviduct there arises on each side a narrow tubule, which runs back hori- 


zontally for some distance at the sides of the mid-gut. The point of origin 
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Fic. 24.—Transverse section of a Fig, 25.—Section of the base of the second 
spermatheca. thoracic appendage, showing the testes 


within, ¢.c., terminal chamber; v.d., 
vas deferens. Other lettering as before. 


of these tubules from the lateral parts of the oviduct is just after the latter 
- nw WO. J. Cc JUD, 

have branched off from the median oviduct. Fig. 23 shows the relationships 
of these tubules with the other organs of the thorax, and fig. 24 shows one of these 
tubules more highly magnified. Posteriorly they taper slightly, and finally 

i “ ’ Sa a) y c 
end blindly. They have been termed ‘ spermathecae’ in the text-figures 

. . . . e 5 ? 
but this term can only be applied in the descriptive sense, as their true function 
must remain unknown. There were no recognizable contents in these tubules 
at any part of their length. 


(b) The testes. 
The position of the three pairs of testes has already been indicated (figs. 3 
7, 8, te.). Hach testis consists of a mass of slender tubules, which twist in 
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and out, and penetrate some distance down into the thoracic appendages 
(figs. 7, 8). 

Each tubule of the testis consists of a rounded terminal chamber (fig. 25, t.c.), 
which communicates with a slender duct leading towards the outer edge of the 
appendage (fig. 25, v.d.); these ducts may be termed the vasa deferentia, as 
they are identical in appearance with similar ducts in B. hevapus. Each vas 
deferens communicates independently with the exterior by means of a small 
pore. There is no chitin-lined collecting chamber below the exoskeleton of the 
appendage as in B. hexapus. The openings of the vasa deferentia are on the 
outer side of each appendage, and are concentrated rather towards its anterior 
edge ; the surface of the appendage is slightly concave at this point. 

The spermatozoa are filiform and stain readily with acid fuchsine. They 
are evidently produced in the terminal chambers described above, but stages 
in spermatogenesis were unfortunately rare. In one or two sections the stage 
described as the ‘ rosette ’ stage in B. hexapus was observed. Thus it appears 
probable that the general course of spermatogenesis is similar in the two species. 

Though the external openings of the vasa deferentia are small, the spermatozoa 
are extruded in small bundles (as in B. hexapus) and not serially as in Laura 
gerardiae (Lacaze-Duthiers, 1882). Their course after extrusion is unknown ; 
one bundle was seen lying closely applied to the surface of the thoracicappendage, 
but none were seen, either within or near the openings of the oviducts. 

In concluding this description of the male system of B. torrensis it is necessary 
to discuss the function of the projection from the first abdominal segment, 
already, in the general description of the external features (fig. 10), termed 
the penis. There are two objections to the use of this term for this projection. 
Firstly, the spatial relationships of the testes and this organ argue against its 
function as an intromittent organ. This projection is a median, structure, and 
in life would presumably project forwards in the median ventral groove between 
the thoracic appendages. The testes, however, open on this outer edges of these 
appendages, and so it is difficult to see how the spermatozoa liberated from the 
openings of the vasa deferentia could be transferred on to this projection. 
Secondly, as the openings of the oviducts are ventro-lateral it is equally 
difficult to see how this projection could aid in the transference of spermatozoa 
into these openings, and so effect insemination. 

Tn view of these difficulties it would seem better not to use the term ‘ penis ’ 
for this ventral projection, but for the moment its true function must remain 


unknown. 


(c) Developmental stages. 

These were present in only one of the specimens available for examination. 
Unfortunately the only stages present in this specimen were early stages of 
segmentation of the ova, and thus no comparison could be made of the characters 
of the nauplius of this species with those of other species of Baccalaureus 


previously described. 
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THE SYSTEMATIC POSITION. 


The characters of this new species of the genus Baccalaureus, B. torrensis, 
are as follows :— 

Mantle divided into median and lateral lobes, the latter much coiled. Four 
free thoracic segments, the first three each with a single pair of appendages, 
the fourth with two smaller pairs. All the thoracic appendages uniramous and 
unsegmented. A penis-like projection from the posterior edge of the first 
abdominal segment. 

This description of B. torrensis and Brattstrém’s recent work on B. argali- 
cornis necessitate a revision of the characters of the genus Baccalaureus. 
These characters are now as follows :— 


Ascothoracica with the segmented body completely enclosed in a mantle formed of median 
and lateral lobes, the latter being coiled to a varying extent. Thoracic appendages uniramous 
and unsegmented. Four or five free thoracic segments and four abdominal segments. 
Each ramus of the caudal fork with three stout spines. A chitinous ridge along the side of 
(HiME. GG econo UOOUROOd COS IS Gude canKar 1 gosto oS Goto BACCALAUREUS. 

1. Lateral lobes of mantle slightly coiled, sac-like. 

Four free thoracic segments, each with a pair of appendages. 
Thoracic appendages subequal 

2, Lateral lobes of mantle coiled. 

(a) Five free thoracic segments. 
Four (?) pairs of thoracic appendages, borne on the last 
four freerthoracie copmentdiajrisislstie ite cenetiene devetentere B. argalicornis. 
(b) Four free thoracie segments. 
(i) First three free thoracic segments each with a single pair of 
appendages, the fourth with two pairs ............... B. torrensis. 
(ii) Each free thoracic segment with a single pair of appendages. 


Faaic evetehs. sieve osc etamstetetorsl ieteratensts B. japonicus. 


Appendages of the fourth segment reduced in size...... B. maldivensis. 
(iii) The first three free thoracic segments with appendages, 
the appendages of the fourth segment absent .......... B. hexapus. 


In conclusion, I should like to express my most grateful thanks to Dr. W. T. 
Calman for his permission to examine and describe this material ; to Captain 
A. K. Totton for the loan of the host Zoanthid ; to Dr. I. Gordon for information 
on the habitat of this species, and to Professor H. G. Cannon, Dr. L. A. Borra- 
daile, and especially to Dr. S. M. Manton, for their help in interpreting the 
glandular structures in the anterior part of the thorax. I am also much 


indebted to Mr. K. J. W. Barrington, who read the manuscript of this paper, 
for his criticism and advice. 


SUMMARY. 


This paper describes the external and internal anatomy of a new species of 
Ascothoracican, Baccalaureus torrensis. The more important points of difference 
between this species and those previously described are as follows :-— 

(2) The segmentation of the thorax and the arrangement of the thoracic 
appendages shows a condition intermediate between that of B. argalicornis 


a 
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and B. japonicus, and suggests the most probable way in which the four-seg- 
mented thorax (found in B. japonicus, maldivensis, and hexapus) has developed 
from the six-segmented condition (found in many other Ascothoracica). 

(0) The gut is loaded with large granules for the greater part of its length. 
The source and function of these granules is obscure, but similar granules 
occur in the Zoanthid tissue covering the mantle coils, in amoebocytes scattered 
in the body cavity, in the anterior part of the maxillary gland, and in large 
sac-like structures at the anterior end of the thorax. 

(c) In addition to the maxillary glands there are other glandular structures 
within the thorax. The more dorsal of these may represent part of an antennal 
gland, whereas those placed ventrally may be similar in nature to the shell- 
glands of an Ostracod. 

(d) There are certain differences in the detailed anatomy of the nervous 
system. 

(e) A pair of elongated tubules arise from the lateral parts of the oviducts 
and run backwards. It is suggested that these may be spermathecae. 

(f) The arrangement of the testis tubules also shows slight differences, 
as there are no collecting chambers at the upper ends of the vasa deferentia, 
immediately below the external openings of the testes. 
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On the distribution of the Collembola of the genus Ceratrimeria Borner, with 
special reference to the Tasmanian and New Zealand species described by 
Lubbock in 1899. By H. Womerstry, A.L.S., F.R.E.S., Entomologist, 


South Australian Museum. 
(With 13 Text-figures) 
[Read 20 February 1936] 


So far as the writer has been able to ascertain the first Collembola to be described 
from Tasmania were Anoura tasmaniae and A. dendyi, and from New Zealand 
A. spinosa, which were brought before the notice of the Linnean Society of 
London by Sir John Lubbock in 1899. In the original paper all three were 
stated to be from Tasmania, but it was subsequently pointed out by Dendy 
that the last species was really a New Zealand form ; the original specimens 
had all been collected by him some years previously, but beyond the name of 
the country no more precise localities were given. 

In 1906 Borner, apparently relying upon Lubbock’s descriptions and figures, 
and without having any fresh material before him, placed the second species 
in a new genus Acanthanura, and the New Zealand form in still another new 
genus Holacanthella, leaving the first in Anoura Nic, (Lubbock, 1899), or as it is 
now known Achorutes Templ. (Borner, 1906). 

The two Tasmanian species do not appear to have been met with since their 
original discovery until recently, when specimens were found by Mr. J. W. 
Evans, Government Entomologist of Tasmania, who very generously sent 
his material to me for further study. The New Zealand species has been 
found by several entomologists, and I am indebted to Mr. E.8. Gourlay, of the 
Cawthron Institute, Nelson, for the gift of some specimens collected by Mr. A. 
Philpott. 

In the brief original descriptions no attention was given to the finer morpho- 
logical details now used in the classification of these very primitive forms. 
That the furca or spring was lacking was indicated by the placing of all the species 
in the genus Anoura, and by the figure of the ventral surface of A. spinosa. 
The tubercular body processes and the bilobed appearance of the apparent 
last abdominal segment also probably helped to assign them to that particular 
genus. The number of ocelli was not mentioned, except in A. tasmaniae, 
which was stated to have ‘about ten in number’. The presence or absence 
of a post-antennal organ was not indicated, nor was any reference made to the 
structure of the mouth-parts. The claws were said to be without teeth in 
tasmaniae, with a small one on the inner margin in dendyi (which in the figure 
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is shown to be at about one-third from the base) and with a small basal tooth 
in spinosa. 

From an examination of the material before me it is now evident that 
the placing of these species in Anoura (Achorutes) was erroneous, the mistake 
having apparently arisen through a misinterpretation of the body segmentation. 
From a dorsal view it is obvious that Lubbock took the back of the head, 
which has pronounced swellings, to be the first thoracic segment, and thus the 
last abdominal segment visible from above as the sixth. In reality the sixth 
abdominal segment is very small, is hidden beneath the fifth, and has only 
a single terminal lobe. The last character, therefore, removes all three species 
from Achorutes of the tribe Achorutini Borner, to the tribe Pseudachorutini 
Borner. 

On all three species there are eight ocelli on each side of the head on dark 
pigment patches, and in front of these a well-developed post-antennal organ 
(p.a.o.). This organ consists of a number of lobes arranged around an ellipse, 
and is entirely similar to that found in C. maxima (Schott), the genotype of 
Ceratrimeria. The claws are alike in the two Tasmanian forms, each with 
a basal inner tooth and a pair of more distal lateral teeth ; in the New Zealand 
species only the basal inner tooth is present. In all three the head and para- 
tergites are conspicuously swollen and developed in the manner characteristic 
of Ceratrimeria. In tasmaniae the swellings are evenly rounded, in dendyi 
they are produced into long and stout finger-like processes, while in spinosa 
they are covered by numerous smaller spine-like projections. 

As these differences in the development of the swellings can hardly be regarded 
as of more than specific value it would seem that Bérner’s genera Acanthanura 
and Holacanthella are not required, and that all three species can properly be 
placed in the genus Ceratrimeria Borner, of which, as is shown later, they will 
form a natural geographical group. ; 


REDESCRIPTION OF LUBBOCK’S SPECIES. 


CERATRIMERIA TASMANTAB (Lubbock, 1899). 
Syn. Anowra tasmaniae Lubbock, 1899. 


Body long and fairly broad, with well-developed rounded paratergal regions ; 
head also with rounded swellings. Lengthto7mm., breadth 2-5mm. Antennae 
fairly long, ratio of segments I: II : II: IV=6: 7:2: 12, IV without olfactory 
setae, sensory organ on III not observed ; first three segments with fairly long 
setae, fourth with more numerous and shorter setae. Ocelli equal, eight on 
each side on dark fields and rather hidden in the head folds. Post-antennal organ 
present as an ellipse with about 30 peripheral lobes ; as long as two and a half 
ocelli. Mouth-parts suctorial; mandible with toothed head but no molar 
plate ; maxillary head with a pair of reduced, fine and minute lamellae ag 
figured for C. dendyi. Legs short ; claws with strong inner tooth in, basal third 


a 
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and a pair of strong lateral teeth at distal third; empodial appendage and 
clavate tibio-tarsal setae wanting. Furca entirely wanting. Dorsally the 
head and paratergites are produced as rounded swellings disposed as follows : 
on the head, anteriorly one, posteriorly four ; on the thorax, on the first segment 
five, on the second and on the third seven ; on the abdomen, on the first three 
segments five on each, on the fourth four, two large lateral swellings and indica- 
tions of a medial one on the fifth segment, the sixth segment is hidden under the 
fifth and ends in a single lobe. The whole cuticle is finely granular and furnished 


Figs. 1-5.—Ceratrumerna tasmaniae (Lubbock). 1, dorsal view of entire insect; 2, ventral 


view of entire insect ; 3, antenna; 4 post-antennal organ and two anterior 


ocelli; 5, claw and tip of tibio-tarsus. 


with numerous short fine setae. The colour of the insect, in spirit, is blue, 


but somewhat lighter on the venter and legs. 
Locality. —Mt. Wellington, Tasmania; two specimens collected by Mr. J. W. 


Evans in September 1935. 


CBHRATRIMERIA DENDYI (Lubbock, 1899). 


Syn. Anouwra dendyi Lubbock, 1899. 
Acanthanura dendyi Borner, 1906. 
Body long and somewhat broader than in preceding species, with the head 
and paratergal swellings developed into prominent finger-like processes. Length 
9 mm., breadth 3 mm. Antennae moderately long, ratio of segments as in 
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C. tasmaniae, sensory organ on the third segment not observed, the fourth 
without olfactory setae, ordinary setae as described for preceding species, 
the third segment short and well sunk into the second. Ocelli eight on each 
side on dark patches well hidden in head folds. Post-antennal organ, elliptical, 
with about 20 peripheral lobes ; as long as two ocelli. Mandible with toothed 
head as figured ; maxillary head with two short fine lamellae as figured. Legs 
short, with strong claws, with basal inner tooth at one-third, anda pair of strong 
lateral teeth at one-third from apex ; empodial appendage wanting ; clavate 
tibio-tarsal hairs wanting. Furca absent. Head and paratergites with well- 
developed swellings situated as in preceding species, but largely produced 
into strong finger-like processes ; the median portions of the thoracic segments 
are without processes, but on the first four abdominal segments there is a pair of 
short finger-like ones. The sixth abdominal segment is hidden under the 
fifth and ends in a single lobe as figured. The clothing consists of numerous 
short simple setae. The colour is deep blue-black with the tips of the processes 
yellow ; venter and legs a little lighter. 

Locality.—Under a log at Collins Vale, Tasmania ; six specimens collected 
by Mr. J. W. Evans on 15 September 1935. 


CERATRIMERIA SPINOSA (Lubbock, 1899). 
Syn. Anoura spinosa Lubbock, 1899. 
Holacanthella spinosa Borner, 1906. 
Long, flat, and broad species, length to 10 mm., breadth to5 mm. Antennae 
short, ratio of segments as in preceding species, third segment short and well 
sunk into the second, fourth without olfactory setae, sensory organ on third not 


Figs. 12, 13.—Ceratrimeria spinosa (Lubbock). 12, ocelli and post-antennal organ ; 
13, claw and tip of tibio-tarsus. 


observed, setae moderately long on first three segments, shorter and more 
numerous onthe fourth. Ocelli eight on each side, on dark almost round patches, 
rather hidden in head folds. Post-antennal organ present, elliptical, with about 
26 peripheral lobes, the whole nearly as long as the diameter of three ocelli. 
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Legs short ; claws strong, without lateral teeth, but with a strong inner tooth 
just beyond the basal third. Clavate tibio-tarsal setae wanting. Furca 
wanting. Head and paratergites with pronounced swellings, although not so 
definite as in preceding species, their formation being somewhat hidden by the 
numerous spine-like processes ; they are, however, obviously of the same nature ; 
the spines are mostly tipped with yellow. The sixth abdominal segment is 
small and hidden under the fifth and ends in a single lobe (see Lubbock’s 
fig.). General colour in spirit blue-black except for the tips of some of the 
dorsal spines which are yellow. Clothing of fine and numerous short setae. 

Locality —Mt. Arthur Tableland, New Zealand, at 4500 ft.; 3 specimens 
collected by Mr. A. Philpott, 25 November 1924. 


Key to the species and geographical groups of the genus Ceratrimeria. 


I. Furea absent. Ocelli 8 on each side. Post-antennal 


organ (p.a.o.) elliptical, with 19-25 lobes ............... Group IV. (Tasmania and 
southern New Zealand.) 
i. Paratergal and head swellings simply rounded ........ C. tasmaniae (Lubb.). 


(Mt. Wellington, Tasmania.) 

ii. Paratergal and head swellings with strong finger-like 

PEOCESSOS came piensrel tie tn eres otetetale tel Ieieeele etietel etal cite ersten C. dendyi (Lubb.). 

(Collins Vale, Tasmania.) 

iii. Paratergal and head swellings with numerous short 
SPOITLOS fag tars Sis ergs Oh Suey oheelices teror sh opeeeten eke sei ate tons C. spinosa (Lubb.). (Mt, 
Arthur Tableland, New Zealand, 4500 ft.) 

IJ. Furea present, sometimes reduced. 
(a) P.a.o. elliptical, with 10-30 peripheral lobes. Ocelli 8 


Gul each. S116 ai, overoe acers,crstele fe aon vels nae HINTS spent ysre iene aie eee Group I. (Indo-australian 
region and northern New Zealand.) 
Le P.a.0. with lobes an & sInple Tip ewe: eieistehteletete se clee 2. 
P.a.o. with a few inner accessory lobes ............. 3. 
2. Claws with 2 distal lateral teeth and a basal inner one. 
‘Pie.0+ With .26 lob@siisas wie welsicmrs coe esieatet icker niet C. longicornis Handschin. 
(Java, 6000-7000 ft.) 
Claws without teeth. P.a.o. with 27 lobes .......... C. pulchella Handschin. 


(Philippines, Mt. Maquiling.) 
3. P.a.o. with 8-10 lobes. Claws with inner tooth only .. C. (Pseudachorutes) novae- 
zealandiae (Wom.). (Auckland, New Zealand.) 
P.a.o, with 19-25 lobes. Claws with lateral teeth ... 4. 
4, Furca well developed, mucro with lamellae. Claws 
with two pairs of lateral teeth ................20- C. maxima (Schott). (New 
Guinea and Australia, up to 4700 ft.) 
Furca reduced, mucro boat-shaped. Claws with one 


pair of latoral teeth far from base...............0- C. indica Handschin. 


(India. ) 
(b) P.a.o. as a cluster of small irregularly arranged tubercles 
or absent. 
{c) Ocelli 8 (rarely 6) on each side’... 125.0 eee ene Group II. (African.) 
1. Ocelli 6 on each side. P.a.o. as large as two ocelli, with 


about. 80 tubercles’... ac rlen ccun cristo ane nee C. mirabilis Handschin. 
(Abyssinia, 8000-9000 ft.) 


A 


CR ORMEC CLADE AWS eee eee eeeos me 


Ocelli 8 on each side .,.. 
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2. P.a.o. present, with about 30 tubercles ............. C. flavoantennata 
Philiptsch. (Mabira Forest, British East Africa.) 
var. capensis Wom. 
(Table Mt., 1000 ft. wpwards.) 


P.ao: absent. Furea reduced ...............cee0. C. gigas Philiptsch. 
(Mabira Forest, British East Africa.) 
(GRO collivpronyeachy sid ttm sme seis cehiceeena siden) oeear. ce Group IIT. (Central and 
South America.) 
1. P.a.o. present, smaller than a single ocellus ......... Me 
TELE Oo IDS Me aera ods Ou Gas aera 8 ee ee 3. 


2. P.a.o. with relatively few tubercles. Claws without 

sheath, with lateral teeth at middle and an inner 

LOOvh) Justubeforel the middle. sacss+ s+ 0eecs oc oes C. silvestri Denis. (Cuba.) 
P.a.o. with numerous tubercles. Claws with distinct 

sheath which almost reaches tip of claw and has a pair 


GiabAcalslaboraluexpanslonswm emirate crac ote cae n ce C.. pentoculata Wom. 
(British Guiana.) 

3. Claws without lateral teeth .................0.000- C. albipes (Folsom). 
: (Costa Rica and Panama.) 
Claws with two pairs of lateral teeth.............. . ©. carli (Denis). (Brazil.) 


The geographical distribution of the genus Ceratrimeria. 


In 1931 Denis discussed the then known species of this genus, and suggested 
that they might be divided into geographical groups corresponding to the 
three great land masses of the Gondwana continent. He refrained, however, 
from any further discussion because of the paucity of forms and material. 

In the present paper the total number of species is brought up to fifteen, 
and it is shown not only that they comprise the three Gondwanic groups 
suggested by Denis, but that there is also a fourth group embracing species 
from Tasmania and southern New Zealand. 

In the preceding key the following four groups delimited by certain geogra- 
phical boundaries have been indicated :— 

Group I. This includes species ranging from India, through the Philippines, 
Java, New Guinea, and Australia to northern New Zealand. Only a single 
species is known from each country, but the same one is common to New 
Guinea and Australia. The members of the group are characterized by possessing 
the full complement of 8 ocelli, a post-antennal organ with 10—30 well-developed 
lobes, and a well-formed furca, although this is sometimes reduced. This 
group is here regarded as the most unmodified because of the presence of the 
full number of ocelli, this being the number that the writer was able to observe 
while examining in 1929 further specimens of the fossil Collembolan Khyniella 
praecursor Hirst and Maulik, from the Middle Devonian of Scotland. These 
specimens are additional to those as yet described, and are being further studied 
at present by Mr. D. J. Scourfield. Cara Z, 

Group II has an African distribution, with species occurring in Abyssinia, 
British East Africa, and the Cape Province. All forms have the full number of 
ocelli except C. mirabilis from Abyssinia, which is stated to have only six. 
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The post-antennal organ is reduced to an irregular cluster of small tubercles, 
or it may be altogether wanting. The furca, while always present, may be 
reduced. 

troup IIT contains four species inhabiting the eastern side of Central and 
South America, ranging from Cuba, through Costa Rica, Panama, British 
Guiana to Brazil. All show a further stage in the reduction of the ocelli to 
five and in the post-antennal organ, which, if present, is very small, with only 
a small cluster of tubercles, which are little larger than the surrounding cuticular 
granules. 

Growp IV, which includes the Tasmanian and southern New Zealand species, 
is somewhat anomalous, and would appear to constitute a geographical unit 
apart from the main Gondwana divisions. The species are most closely related 
to those of Group I in that they possess the full complement of ocelli and a some- 
what similar post-antennal organ. They have, however, entirely lost the furca, 
while the swollen paratergites have developed numerous spines in the New 
Zealand species, and strong finger-like processes in one of the two Tasmanian 
forms. 


No group of insects, perhaps, should lend itself better to the study of the 
early geographical distribution than the more primitive of the Collembola, 
such as the archaic Poduroidea. Because of the lack of collecting of these 
lowly forms in the lesser known parts of the world, and our comparatively 
scanty knowledge of them, it is perhaps premature to draw any studied 
conclusions from the known distribution of the genus. It is possible, 
however, to indicate certain features which may have some bearing on the 
earlier Collembolan fauna. It has already been shown that the first three 
groups into which the genus Ceratrimeria can be divided conform very 
well to the three main land masses of the hypothetical Gondwana continent. 
From the basic Indo-Australian group through the African to the South American 
group there is an increasing tendency for certain organs to become reduced, 
but whether these reductions arose before or after the separation of these land 
masses cannot be answered. The anomalous Group IV may suggest that the 
basic form spread to Tasmania and New Zealand, while these lands were 
connected to the great Antarctic Bridge on the one hand and Australia on the 
other. The furca may have become lost at this period, but the different 
specialization in the development of the paratergites would appear to have 
arisen later and after the separation of Tasmania from Australia and of New 
Zealand from Antarctica. 

The species of Ceratrimeria are mostly inhabitants of forest areas at fairly 
high altitudes on mountain ranges. In some cases, however, they appear 
to occur at comparatively low levels. For example, C. flavoantennata var. 
capensis was found just on the outskirts of Cape Town at a height of less than 
1,000 feet, while C. maxima ranges from 2,000 to 5,000 feet and Q. albipes 
occurs in the Canal Zone of Panama. The limiting factor would seem to be not 
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the altitude as such, but the temperature and humidity, resulting in the creation 
of a suitable forest floor pabulum. These insects are inhabitants of such 
locations, where they are to be found under and amongst rotting logs and 
humus. Such damp forest areas as these in the various continents of the 
world are generally to be found on the eastern sides of the great mountain 
ranges, and from our study of the genus the different species are found to be 
distributed accordingly. The genus is confined to the south of the Tropic 
of Cancer, Groups I, I, and IV inhabiting regions bordering on the Indian 
and southern Pacific Oceans, and III those bordering the southern Atlantic 
Ocean. 

It is interesting that the distribution of the species of Ceratrimeria is very 
similar to that known for species of Peripatus and allied genera. 


APPENDIX. 


Since the above paper was forwarded for publication my colleague, 
Dr. J. R. Denis, of the University of Dijon, has sent mea separate of his paper 
(‘Collemboles d’Indochine récoltés par C. N. Dawydoff’; Bull. Soc. entom. 
France, no. 8, 1934, pp. 117-123), in which he describes, unfortunately without 
figures, a species under the name Acanthanura dawydoffi. 

I am of the opinion that this new species, while perhaps resembling super- 
ficially that figured by Lubbock as Anoura dendyt, is not related to it. It belongs, 
without doubt, to the tribe Achorutini, while, as I have shown above, dendyi, 
for which Borner erected the genus Acanthanura, belongs to the Pseudachorutini. 

In the species from Indo-China, abdomen VT is visible from above and bilobed ; 
the ocelli are only two on each side, and the post-antennal organ is absent. 
In size and lack of pigmentation (in spirit) dawydoffi differs markedly from the 
Tasmanian species, although these may not be very important characters. 

It appears to me that Denis’s species in the structure of the dorsal promi- 
nences is but an aberrant form of Achorutes, and that, while it may require 


a new subgenus, it cannot be related to Ceratrimeria dendyt. 
[H. W., 12 Dec. 1935.] 


SUMMARY. 


1. The rediscovery of the Tasmanian Collembola Anoura tasmaniae and 
A. dendyi described by Lubbock in 1899 is recorded. 

2. These two species, together with the New Zealand species Anoura spinosa 
described at the same time, have been restudied, and are now shown to be 
properly placed in the genus Ceratrimeria Borner of the tribe Pseudachorutini 
Borner. 

3. The three species are redescribed and figured. 

4. The relationships of all known species of Ceratrimeria are discussed. It is 
shown that four geographical groups can be distinguished for the three great 
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divisions of Gondwanaland, namely, America, Africa, and Indo-Australia, and 
a fourth for Tasmania and southern New Zealand. 
5. It is suggested that the Indo-Australian group may be the basic one from 


which the others have been derived. 
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The ecology of a saline lagoon in south-east Essex. By N. H. Howszs, 
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INTRODUCTION. 


In 1933, Mr. F. J. Lambert brought to my notice a lagoon, New England 
Creek, produced by the damming of a Creek running from the River Roach 
to the Maplin Sands. During his investigations on the fauna of salt-marsh 
ditches (Lambert, 1930), he had made some observations on this environment 
and found that, although the water was brackish, many marine forms survived. 
It seemed to me that this lagoon was worthy of further investigation, since 
preliminary estimations showed that the salinity was already below that of 
the tidal river water and there was every reason to believe that it would 
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continue to fall. There was here a fairly large isolated body of water, which 
might, during a period of years, show a gradual transition in time from sea 
to fresh water like that seen in space in an estuary. The changes in fauna 
would probably be very much simplified, since neither marine nor fresh-water 
organisms could be brought in by tides and the only immigrants would be 
insects and other forms brought in by birds, man, or farm animals. Further, 
only those species would survive which could breed in such a habitat. 

It was therefore decided to attempt an ecological survey of this lagoon, 
and to include in the investigation as many analyses of chemical and physical 
factors as possible. Usually, in work of this type, the environment is defined 
in terms of salinity and, possibly, hydrogen-ion concentration, but, as Gurney 
(1929, p. 562) has pointed out, while ‘ salinity is the only indicator of which 
we have reasonably precise knowledge ’, ‘it is premature to divide and label 
associations on the basis of a‘single factor’. The work on New England 
Creek was therefore planned to include investigations of as many factors in 
the environment as possible, with analyses of these factors at approximately 
four-weekly intervals throughout a year. Since this programme was necessarily 
a big one, the survey has been strictly limited to forms living in the water 
and no attempt at all has been made to study animals on the banks. The 
work described in this paper was started in January 1934 and continued until 
March 1935. 

It will be clear from what follows that several important ecological factors 
have been omitted from this survey, but, nevertheless, it is hoped that the 
data obtained will be of use when sufficient material has been collected for 
generalizations to be made on habitats of this type and their biological 
associations. 

While this environment can be included in the term ‘ brackish water’ in 
its widest sense, this term has been avoided in the title, since sufficient change 
has taken place already for it to fall beyond the definition of brackish water 
given by Gurney (1929, p. 567). ‘The term “ brackish water ’’ should be 
applied only to waters which, permanently or temporarily connected with 
the sea, have a salinity or density less than that of seawater. Brackish water 
is, in fact, diluted seawater’. This view has been later endorsed by Redeke 
(1933, p. 46), whose definition states ‘ Brackwasser ist ein Gemisch von Siiss- 
wasser und Meereswasser s. str.’ 

It does not seem unduly pedantic, in view of the results of the analyses 
recorded below, to regard the water of New England Creek as outside this 
definition. 


Part —THE ENVIRONMENT. 


1, THE LOCATION AND A DESCRIPTION OF THE CREEK. 
The Creek is situated on the coast of south-east Essex between Shoeburyness 
on the south-west and the River Crouch on the north-east. It is the middle 
of three Creeks running roughly south-east from the River Roach via Yokefleet 
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Creek to the Maplin Sands, which until the year 1923 divided the land south 
of the River Roach into three islands—Havengore Island on the south-west, 
New England Island, and Foulness Island (fig. 1). In 1923 a road was built 
from Great Wakering to Foulness village with a bridge over Havengore, the 
most westerly Creek. The two remaining Creeks (New England and Shelford) 
were filled in, in the position of the road, and thus divided into north-west 
and south-east portions. In the case of Shelford Creek the north-west part 
was left tidal and in communication with the River Roach and the south-east 
part with the sea. In the case of New England Creek a tunnel about a metre 


(Uke ss al See he 4 | 
4 miles 


_RIVER CROUCH 
WALLASEA 
ISLAND. 


ROCHFORD 


SHOEBURYNESS 


Fic. 1.—Rough sketch-map showing the location of New England Creek 
with reference to Southend-on-Sea and Burnham-on-Crouch. 


in diameter was left, forming a connexion between the north-east and south- 
west portions, but the Creek was dammed at both the Maplin Sands and River 
Roach ends, so that it was no longer in communication with the sea or river. 
This was completed in July 1925. 

In the north-west dam there is a sluice by means of which it was intended 
to empty the Creek into the River Roach at low tide and so reclaim the soil, 
but, owing to the risk of the dam’s not supporting the pressure of water on the 
outside at high tide, this has not been done and the sluice remains permanently 
closed. As there was seepage through this sluice from the Creek into the 
River Roach the level of New England Creek was reduced two to three feet in 
January 1933 by opening sluices on the west bank and pee through 
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Havengore Island. Further, ditches were cleared to put the fleets * on New 
England Island in direct communication with the Creek. I am indebted to 
Captain G. A. E. Gibbs, R.E., for kindly supplying me with this information. 

In late 1933, before beginning a study of the fauna and its environment, 
it was necessary to survey the Creek, as the latest maps of the Ordnance Survey 
had been made in 1923, while the Creek was still tidal. This was done by 
starting from BM. 12-7 and determining the position of a known point on the 
road and another on the bank of the Creek by triangulation with prismatic 
compass and surveyor’s tape. From the point by the Creek, a profile of 
the bed of the latter was taken in a due easterly direction at intervals of 0°5 M., 
datum being taken as water level. A series of 24 further known points were 
determined on the banks of the Creek at intervals usually of 100 M., and from 
each of these a profile of the bed was taken. Further triangulation was done 
with a plane table. From these data it was possible to determine the position 
of the edge of the water and to construct depth contours. 

The Creek is about 2°5 kilometres long and varies in width from 50 to 
75 metres (see Pl. 8). It receives all the drainage of New England Island 
through Dykes A, B, and C connecting it with the fleets of the latter, and 
communicates with the drainage channels on Havengore Island (fig. 1). After 
much rain these drain into New England Creek via E. and F. until the levels 
in the Creek and on the Island are the same ; but if the level of the water in 
this system rises too high, the pressure opens automatic sluices leading into 
Havengore Creek above high-water mark. Water is then drained off New 
England Creek via these channels. There is evidence that sea-water from 
Havengore cannot seep back through the sluices at any tide, since in dry 
weather the dykes may be almost empty. Evaporation is more rapid from 
the widespread shallow dykes than from New England Creek, so that after 
a period of dry weather water drains westward out of New England Creek on 
to Havengore Island. The level and hence the surface area and volume of 
New England Creek are thus constantly changing. The level of the water 
was recorded at each monthly visit and a fall of 52 cm. was observed between 
January and October 1934. After this the level rose again, and had recovered 
35 cm. by March 1935. The total surface-area thus fluctuated between 
144,000 and 170,000 square metres and the volume between 230,000 and 299,000 
cubic metres, approximately. 

The floor of the Creek was covered with Ruppia maritima, some of which 
appeared to survive over the winter, and in summer there was also a thick 
mass of Chaetomorpha Linum, the two forming a dense layer of vegetation 
about 1 metre thick. 

The whole of this area south of the Rivers Roach and Crouch belongs to 
the War Department, and my thanks are due to the Officer Commanding R.A., 
Sa ey for permission to work on the Ranges and Islands of this 
ocality. 


* Fleet is a local term for wide drainage-channels which always contain water (cf. ditches 
which are often dry). 
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2. THE CHEMISTRY OF THE CREEK. 
(a) Collection of samples. 


There was a certain amount of difficulty in the collection of samples, because 
the country is wild and flat and provides little or no shelter, and all the collecting 
apparatus had to be transported on each visit in a small car. It was, therefore, 
only possible to do the more simple additions of reagents, and quite impossible 
to carry out elaborate estimations, on the spot. 

The Creek was visited at approximately four-weekly intervals throughout 
1934 and until March 1935. On each occasion samples of the water were 
taken at hourly intervals from the time of arrival till the time of leaving. 
These were collected in 100 ml. bottles, leaving as small an air space as possible, 
and two drops of a saturated solution of mercuric chloride were added. 
At the same time, the temperature of the water was noted. This material 
was used for the determination of the hydrogen-ion concentration ; it is 
believed that no significant alteration in the pH value occurred owing to, 
for instance, loss of CO, during collection, since duplicate determinations 
made on many occasions agreed within 0-05 pH. At the three points marked 
X, Y, and Z on the map (PI. 8), samples of the water were collected in the 
following bottles :—one 500 ml. waxed bottle for chloride and silica ; duplicate 
500 ml. bottles for oxygen (these bottles were fitted with rubber bungs, through 
which passed two pieces of glass tubing, one of which reached within a few 
millimetres of the bottom of the bottle, while the other ended internally 
level with the bung and externally was fitted with a length of rubber tubing. 
The bottles could thus be filled from the bottom upwards) ; duplicate 100 ml. 
bottles for nitrite ; and one dark Winchester quart for the remaining estima- 
tions. All the samples were collected about 10 cm. below the surface, and the 
water in the Winchester quart was preserved by the addition of 1-5 ml. of 
a saturated solution of mercuric chloride. Winkler’s Solution I (MnCl,) and 
Solution II (NaOH and KI) were added immediately on collection to the 
samples for O, estimation and the Griess-Ilosvay reagents to the samples for 
nitrite. 

(b) Chemical constitution of the water. 

In addition to salinity, the major ionic constituents were determined. 
It was found that their relative proportions had, in fact, changed since the 
Creek was isolated from the sea. To regard the Creek water as diluted sea-water 
was, therefore, definitely wrong. The ecological importance of this result 
is probably great, and is discussed below. 

Potassium, sodium, calcium, magnesium, chlorides, and sulphates were 
estimated in four samples taken at different times of the year from New England 
Creek, and, for comparison, samples of the drainage from New England Island, 
from Shelford Creek one hour after high tide, and of Plymouth sea-water as 
distributed in carboys were analysed. 

Attempts to dry the water to constant weight were not successful, and total 
cation sulphates were determined instead, by measuring 50 ml. samples into 
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weighed silica crucibles, evaporating at 105°C., treating the residue with 
20 per cent. sulphuric acid, re-evaporating to dryness on a hot plate, and 
heating to constant weight at a dull red heat. The residue was re-dissolved 
in decinormal acetic acid and used for the determination of potassium. 
Potassium was determined by precipitation and weighing as dipotassium 
sodium cobaltinitrite, according to the method of Hamid (1926). By this 
method it was possible to obtain results constant within +2 per cent. Sodium 
was estimated by precipitating and weighing as uranyl zinc sodium acetate, 
after preliminary removal of phosphate (Butler and Tuthill, 1931). Calcium 
was precipitated as oxalate, according to the method of Treadwell (1928), 
and the precipitate redissolved and titrated with potassium permanganate. 
Magnesium was estimated in the same solution after separation of the calcium 
oxalate. The filtrate was treated in the manner described by McCrudden 
(1912), the magnesium precipitated as magnesium ammonium phosphate, 
converted to pyrophosphate, and weighed. Sulphates were precipitated and 
weighed as barium sulphate. 

The halides, chlorine and bromine, were determined together by titration 
with silver nitrate solution, potassium chromate being used as indicator. 
‘Normal water’ (Harvey, 1928) was not employed for comparison, since 
there were differences of 1 to 2 per cent. in salinity between samples taken 
from the Creek a few yards apart on the same day. 

All the four samples for these analyses were taken from point Y in the 
Creek (Pl. 8), and the changes in salinity during the period of observation 
were used as a basis for the selection of sampling dates. Fig. 2 shows that 
during the year there was a gradual concentration of the surface-water with 
its peak in October. The first sample (25. 3.34) gives the concentration 
of the salts near the point of maximum dilution, the third at the point of 
greatest concentration (21.10.34), the second (15.7.34) about halfway 
between the first and third, and the fourth sample (13. 1.35) again after 
dilution and after the winter mixing had taken place. Sea-water, taken from 
a carboy received from Plymouth, was analysed at the same time to serve 
as a check on the estimations, and the results obtained agreed fairly closely 
with those given by Johnstone (1923) for Atlantic Ocean water (see Table I). 


TABLE |.—Percentage composition of salts of Atlantic Water (data from 
Johnstone, 1923) and of Plymouth sea-water analysed by the author. 


Factor 
Oe Bre eens, 
ein pes bring Cl 
100 gm. to 55-48 Na. Ks Mg. Ca, "SO,. 
per cent. of 
water. 


total salts. 


Analysis from 

Johnstone (1923). 
Plymouth sea-water 

analysed by the \ 1-98 

author. 


Atlantic water. 
} 30-59 1-11 3°72 1-20 7:69 


28-0 30:54 1-09 3°70 1-22 7-54 
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Since the expression of the results in molarities is more useful in estimating 
the possible physiological effects of the different ions, Table IT gives the molar 
concentrations of the ions in the solutions analysed. The numbers in brackets 
are factors by which concentration must be multiplied to bring the strength 
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of the solution up to that of sea-water of 35 parts per thousand salinity. 


TaBLeE III.—Absolute molar concentrations. 


(The number in brackets is a factor by which the concentrations must be multiplied 
to bring them up to those in sea-water of 35 parts per thousand salinity.) 


Sea-water 35 parts per 
thousand, calculated 
from data of John- 


stone (1923). 
Shelford, 15. 7. 34 
N.E.C., 25. 3. 34 
N.E.C., 15. 7. 34 
N.E.C., 21. 10. 34 


N.E.C., 13. 1. 35 


ee eeee 


eee ee 


Cl & Br 
as ‘Cl. 


0-561 


S0,. 


0-029 


0-028 
0-023 
(1-25) 
0-026 
(1:12) 
0-027 
(1-04) 
0-026 
(1-12) 


| 


0-477 


| (1-26) 
0-350 
(1-37) 


Not only the absolute concentrations, but also the ratios between the 
quantities of the different cations present, are known to be of physiological 
importance, therefore, a further table (Table IV) is given showing the molar 


0-011 


0-012 
0-010 
(1-12) 
0-011 
(1-01) 
0-012 
(0-90) 
0-011 
(0-96) 


| 


0-055 


0-057 
0-033 


(1-67) 


0-038 
(1-46) 
0-042 
(1:31) 
0-039 
(1-41) 


proportions of the cations, sodium being taken as 100. 


TABLE [V.—Molar proportions of cations, sodium being taken as 100. 


Sea-water cal- 
culated from 
date of John- 
stone (1923). 


Vag eer 100 
it ater 2-19 
Carnes, 2:30 
Mag Natsu 11:80 


Shelford, 
15. 7. 34. 


3:16 


11-20 
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From these results it is clear that the water of New England Creek differs 
in composition from sea-water in the following particulars :— 


(a) The ratio of halides (Cl+-Br) to total salts is approximately 4-5 per cent. 
lower than in sea-water. In expressing the salinity and correcting for salt- 
error, the salinity as measured by titration with a solution of silver nitrate 
containing 27:25 g.p.l. (Harvey, 1928) has, therefore, been multiplied by 1-045 
to give a more correct measure of the total salt content. 

(6) The proportion of "SO, to the total salts and to chlorine is significantly 
higher, and the ratio "SO,/Cl varies regularly from sample to sample. This 
sulphate is, therefore, probably partly produced by decomposition of living 
matter in the Creek, and kept at a more or less constant level by bacterial 
action of the type described by Danilcenko and Cigirin (1926) in the Black 
Sea. 

Bacteria 
CaSO,+2C ——-+ CaS+-2CO0, 
CaS + 2CO,+ 2H,0————_->Ca(HCO,).+H,S. 


The ratio “SO,/Cl is at its maximum (0-070) on 25. 3. 34 and falls to (0-063) 
on 21.10.34. Since at this latter date the concentration of salts is at a 
maximum, there is actually an increase in the absolute quantity of sulphate 
present between these two dates (Table II). Hydrogen sulphide can be detected 
in the water during winter and the mud is black a short distance below the 
surface, probably owing to the presence of ferrous sulphide. 

In summer there is little free CO, available for reaction 2, but at the same 
time decomposition of living organisms is at its minimum. 

(c) The ratios between the four chief cations are altered. There is an 
increase in the proportions K/Na, Ca/Na, and Ca/K, while the proportion 


Mg/Na is reduced. The ratio eae 
Na+K 


is only very slightly altered. In sea- 


water this is 0-138 and in New England Creek 0:139. ‘The absolute concentra- 
tion of calcium remains close to that found in sea-water, actually exceeding 
the latter in the last two samples. This is probably due to the enormous 
amount of calcium carbonate present, both as shells of oysters, Crepidula 
and Mya, scattered over the bottom, and of chalk, considerable quantities 
of which have been used to build up the sea-wall. 

Note on Shelford Oreek.—The results for this water show that it is slightly 
more concentrated than sea-water. This is in accordance with the observations 
of Sorby (1903), who states that at Battlebridge, twelve miles up the Crouch, 
the salinity is higher than that of the North Sea, although the river is tidal 
up to this point. 


(c) Iron. 
The presence of traces of many elements in appropriate concentration in 
the medium may be essential for the welfare of aquatic animals, and it is 
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possible that, when sea-water is diluted, the concentration of certain of these 
elements may be sufficiently reduced to have profound ecological effects. 
Although it is realized that determinations of many elements. present only 
as traces are necessary for a complete description of the environment, in this 
case only iron has been determined, since more is known about its ecologic 
importance than in the case of any other trace element. 

The water for analysis was collected directly into dark glass Winchester 
quart bottles and the iron was determined by the colorimetric ferrithiocyanate 
method of Thompson and Bremner (1935a). In this method the depth 
of colour developed varies with the salt concentration, and, therefore, sufficient 
of the sodium sulphate solution used in the preparation of the standards was 
added to the samples to bring them up to the maximum concentration found 
in the Creek (21. 10. 34) during the period under discussion. 

Analyses were made on the supernatant liquid from samples which had been 
allowed to sediment and also on others filtered through Whatman No. 42 
filter paper. No differences were found, probably owing to the fact that the 
water was stored for 12 months before being analysed and non-filterable 
organisms had either decomposed or settled. Cooper (1935) has shown that 
Whatman No. 42 filter paper may let through bacteria, small plants, and other 
particulate matter including colloidal iron. 


TasLe V.—lron content of New England Creek between March 1934 and March 
1985, expressed as milligram atoms x 10° of iron per kilogram of water. 


Date. Date 

YEROMSE® Beets 365 23. ° 9. 34 acne 225 
2h eb itn = ortas raters 325 BLELOGSE Ty corctsccrt crete 630 
Ip hipe? Se Sap eer 137 te eal WS ea oaiarc 750 
3: O04. wrmianne ee 265 T6512. 349 cn crete 1125 
24.6504 2 ee cen 215 Ue A Mane tac 1025 
LO. 734 eens wees 365 LOS 25D mea erste ee 550 
125,85 34 ere 187 1 ee Be 1k Secacncncipkd 280 
26:8. 04 mare ents 200 


The results are shown in Table V and graphically in fig. 4. They are expressed 
as milligram atoms per kilogram to facilitate comparison with those of Thompson 
and Bremner (1935 6) for waters of the north-east Pacific Ocean. A small 
error is introduced here, since the specific gravity of the Creek water is assumed 
to be equal to that of sea-water—when, in fact, it is less. Cooper’s (1935) 
maximum value of 25 mg. of iron per cubic metre of sea-water (i.e. 43 x 10—5 mg. 
atoms per kilogram) may be compared with the minimum in New England 
Creek of 1371075 mg. atoms per Kg., but the results obtained in the Creek 
are of the same order as those of Thompson and Bremner for Friday Harbour, 
Washington, who found a maximum of 210x 1075 mg. atoms per Kgm., and 
are less than the values of 2230x10-5 mg. atoms from the mouth of the 
Fraser River, British Columbia. The general shape of the curves of the results 
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obtained with New England Creek water corresponds approximately with 
that given by the latter authors for Friday Harbour. In both cases there is 
a peak in December—January, but Thompson and Bremner found no rise in 
July and the amplitude of the changes in the Creek is about four times as great 
as that in Friday Harbour. 

The sources of iron in the Creek are not only natural, e.g. from the soil, 
but there is also a considerable quantity of rusting iron from human sources. 
At the north-west end there are many girders left from a previous attempt 
at damming, and old chains etc. are common. The factors affecting the amount 
of iron in the water are certainly very complicated, and, in the absence of more 
data concerning the concentrations of various products of the decay of 
organic matter in the autumn and winter, it is difficult to disentangle them. 
It is clear that the rise in concentration of iron in the surface-water between 
23.9. 34 and 21.10.34 is not due to the upward displacement of bottom 
water, containing ferrous hydroxide or other iron salts, since the temperature 
had not then fallen to 4° C., but it does coincide with the beginning of the winter 
increase in carbon dioxide in the water (Tables VI & VII and figs. 3 &4), although 
a subsequent fall in concentration of iron takes place while this increase 
continues. 

If it is assumed that the iron is evenly distributed throughout the water 
column, then between 23. 9.34 and 16. 12. 34 a total of 103 gm. of iron was 
taken up by the water of the Creek and between 16. 12. 34 and 17. 3. 35 about 
the same quantity was precipitated. This is equivalent to 9 mg. of iron per 
square metre of surface. If cycles of solution and precipitation of iron occur, 
and if a precipitation were followed by heavy rains so that a large quantity 
of sand and mud was carried into the Creek and overlaid the iron, then it is 
possible that in the bottom sediments bands of dark ferruginous mud would 
be formed, such as those described by Marr (1925) in the Stockdale Shales 
and King (1934) in the Downtonian. A good deal of soil is washed down 
from the banks after heavy rain, so that it is likely that this would occur. 
Further, there seems to be a heavy mortality of Mya arenaria, especially 
of young specimens, in the summer, and thus shells would be included in the 
sediments. It is difficult to be sure, since the state of the iron is unknown, 
but it is possible that the presence of iron in such quantities as to be precipitated 
may have a deleterious effect upon the fauna. Reid (1929) has shown that 
suspensions of ferric oxide at a concentration of 0-021 per cent. are lethal to 


Arenicola marina. 


(d) Salinity. 

The method of determining the salinity and the correction applied have 
been described above. Determinations were made on all samples collected, 
and it is noteworthy that differences up to 3 per cent. were found in samples 
collected on the same day from the three stations. It is clear, therefore, 
that the water in the Creek cannot be considered as homogeneous throughout, 
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even in the surface-layers. The data given in the tables are from results 
obtained with samples collected at the mid-station Y, since the salinity here 
was usually intermediate between that of X and Z. 

The salinity ranged from 21-5 parts per thousand in January and February 
1934 up to 27-9 parts per thousand in October, compared with sea-water at 
35-36 parts per thousand, and the winter rains between October and the 
middle of March 1935 failed to restore it to its original level (fig. 2). I would 
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ia, 2,—Curves showing the changes in salinity and temperature of the surface-water 
of New England Creek from Jan. 1934 to March 1935. The mean monthly air 
temperature and total rainfall per month at Great Wakering (fig. 1), obtained 


from and published with permission of the Meteorological Office of the Air 
Ministry, are also included. 


suggest that this increase in salinity is to be attributed to the exceptionally 
low rainfall and hot summer in 1934 rather than to seepage from the River 
Roach. The ratio of surface to volume of the water is high and the Creek 
and its branches are completely exposed to sun and wind, so that evaporation 
is likely to be considerable. 

From the tables given by Kriimmel (1907) it can be calculated that these 
changes involve alterations in osmotic pressure ranging from about 12:5 to 


15-5 atmospheres, whereas that of sea-water is approximately constant at 
24 atmospheres. 
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In the same table (VI) and fig. (2) as the salinity are given the temperature 
of the water at 2 p.m. G.M.T., the mean daily atmospheric temperature, and 
the total rainfall for the month, the two last taken at Great Wakering, about 
two miles from the Creek. I am indebted to the Meteorological Office of the 
Air Ministry for these data and for permission to publish them. 


(e) Temperature. 


It can be seen from Table VI that the temperature of the surface-water 
of the Creek varied from 3-21°C. throughout the period under discussion. 
This probably represents nearly the maximum range, since observations were 


TaBLE VI.—Mean daily temperature, total rainfall for month (data for Great 
Wakering, obtained from the Meteorological Office of the Air Ministry), 
temperature of surface-water of creek, and salinity from January 1934 to 


March 1935. 
| 
Date or Mean daily oar Creek temp. Salinity, 
| Month. temp. °C. — BRORE p.m. °C. pea ros 
| in em. thousand. 
28. 1.34 . 4 3-0 4:5 21-5 
25. 2.34 . 3:7 | 0:45 5-0 21-5 
23. 3.34 . 5-5 4:0 9-0 21:8 
22, 4.34 . 8-6 4:2 12-25 22-1 | 
13. 5.34 . 11-7 2-2 18-0 22-4 | 
| Ss Geeks | 15:2 2°0 17:5 23-1 | 
24. 6.34 52 Be 18-0 24:3 | 
15. 7.34 ted 2:3 21-0 25-4 
12. 8.34 . 17-0 3:3 W7EO) 26:5 
26. 8.34 . of co 17:5 26-9 
PRY WLRES 6 15-6 3-2 15-1 27-7 
21.10.34 . 11-7 3:2 12-0 27-9 
18.11.34 . 6-9 2-2 7:2 27-2 
16.12.34 . 9-4 | 8-2 8:0 26-1 
13. 1.35 4-2 3-2 3-0 25-8 
10. 2.35 6-4 5:5 3-0 25-5 
17. 3.35 6-1 0-7 6-7 25-1 


made at 2.0 p.m. G.M.T., but, while the upper limit is probably correct, it is 
likely that the temperature fell below 3° C. at night in winter. Cooper (1933 a) 
observed a range of from 9° to 17°C. in the English Channel between August 
1930 and January 1932, so that the maximum temperature in the Creek was 
4° higher and the minimum at least 6° lower than that of the open sea. These 
temperature limits are probably closer together than usually occurs in New 
England Creek, since the spring of 1934 and the winter of 1934-5 were 
exceptionally warm and it is almost certain that in many years the temperature 


of the surface-water would fall below 0° C, 
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The results, with the mean daily temperature for each month, are shown 
graphically in fig. 2. 

(f) Hydrogen-ion concentration, excess base, carbon dioxide, and oxygen. 

The hydrogen-ion concentration of the samples was invariably determined 
on the day following their collection. Immediately on collection mercuric 
chloride solution was added and the bottles were full or had only a small air 
space over the water. Under these conditions there should be little or no 
change in the carbon-dioxide content of the water (Ibanez, 1931). The samples 
were kept overnight close to the buffer solutions used, so that buffer and 
solutions to be tested were at the same temperature at the time of the 
estimation. At the lower pH’s, McClendon’s (1917) method as suggested by 
Atkins (1923, part ii) was used, comparisons being made in a colorimeter. 
Above pH 8-6 both McClendon’s method and Michaelis’s method using phenol- 
phthalein were applied and above pH 9 Michaelis’s method alone. A 0-1 per 
cent. solution of phenolphthalein in 50 per cent. alcohol was used and the 
values of Kolthoff (1922) relating depth of colour to pH were employed. The 
higher pH’s found came within the region of best application of phenol- 
phthalein (Kolthoff). The following corrections were applied :— 

(a) Correction for salt error—This is especially important in the present 
case, as there were considerable changes in salinity during the period of 
observation. When using McClendon’s method the figures given in his table 
were applied, and when using phenolphthalein the salt errors given by Sorensen 
and Palitzsch (1910). 

(b) Temperature correction—The pH values given in this paper are those 
of the water while it was still in the Creek and are derived from the values 
found by measurement in the laboratory by means of the following equation :— 

pH,,.=pH,, +0-012(4,—1,), 
where ¢, is the temperature of the Creek at the time of taking the sample, 
t,, the temperature of the sample and colour standards at the time of measure- 
ment, pH;,, and pH, are the pH values of the samples at these two tempera- 
tures, and 0-012 is a constant known to be appropriate for sea-water (Buch, 
1929) and here assumed to apply also to the brackish water of variable salinity 
with which the present investigation is concerned. 

No correction was made for the influence of variation in the temperature 
of the laboratory on the standards used for comparison. In the case of 
Michaelis’s method the temperature correction is 0-011 (¢,—18) (Michaelis 
and Gyemant, 1920), and in the present research this was invariably less than 
0:05. In the case of McClendon’s buffers the temperature correction has 
not been accurately worked out, but if, as Cooper (1933 6) supposes, it is of the 
same magnitude as Walbum’s temperature correction for the Sorensen borate- 
HCI buffers, then it was also less than 0-05. As differences in pH greater 
than this were observed between the edges and centre of the Creek, it was not 
thought necessary to apply so fine an adjustment to the results, 
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For the same reason the values for pH given in Table VII and used in the 
curves are only expressed to the nearest 0-1 pH. As with the other con- 
stituents of the Creek, the pH varied significantly from place to-place and was 
dependent to some extent upon the exact position of the point from which 
samples were taken. There was also a diurnal rhythm in pH of amplitude 
varying according to the season of the year and, therefore, the results given 
are those from samples collected about 2 p.m. G.M.T. One would have liked 
to observe the changes in pH hourly throughout the whole twenty-four hours, 
but this was impossible as permission to be on the Ranges after dark could not 
be obtained. 


TaBLE VII.—Showing alterations in hydrogen-ion concentration, excess base, 
carbon dioxide, and oxygen in New England Creek, from January 1934 to 
March 1935. 


[Results for CO, and O, reduced to normal temperature — pressure assumed to be normal.] 


Excess base Partial pressure ECO, in | Oxygen in 
| Date. pH. | (equivalents of CO,, pCO, euliare! eevicce 
| per litre.) atmospheres. 

SG: ances 8-4 4-5 x 16-8 3-076 x 10-4 84-63 5-635 
ee GREY eee 8-4 4:5 3-034 84-63 7-21 

Ua MY aie oA 85 | 4:47 2-673 89-08 6-58 

Sy ad i © Nealon or ee 8-5 4-5 | 2-742 85-07 6-195 
T3aeG) Sh eos 8-5 4:5 2-748 83-35 7-028 
See O SAesiaen 92 | 46 2-218 x 10-5 65-04 6-02 

Ds ORE ie eee 9-2 45 | 1-945 62:48 5-84 

i Re ee ae 9-6 45 | 3-483 x 10-¢ 55-59 5-11 

Cy eee ee 9-6 4:3 3-206 53-20 5-33 

BGO S40 nace at 98 4-2 | 1-216 50:07 5-86 

LE DC eee 97 | 41 1-910 49-85 5-23 

| Te (ONG? eee oe 95 | 4-1 4-656 52-23 6-57 

Teelilostvas, cas. 93 | 41 | 1-476 x 10-8 56:67 6-37 

Binel2o42 2. onan: | 86 | 3-9 | 1-496 x 10-4 70-11 5-88 

Gy a Bee 86 | 4:2 | 1-567 76-08 7-069 

CG ee ee pe S27} 4-4 | 5-433 90-78 6-392 

Ree he eee 8-4 4-7 | 3-443 91-24 4-918 

| | 


The pH at 2 p.m. G.M.T. at each visit, corrected for salt error at the tempera- 
ture of the Creek at the time of collection, is given in Table VII and the results 
for the period under discussion are shown in fig. 3. . 

It will be noted that there is a definite cycle in pH with a maximum on 
26. 8. 34 and that the annual range is from pH 8-2, about that of sea-water, 
to 9-8, ie. 1:6 pH. This range is naturally exaggerated by the fact that all 
the results given are taken at 2 p.m. G.M.T., when the value would. be 
approaching its maximum in the diurnal rhythm. It has been impossible 
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to study this in detail, but the hourly observations show that in summer there 
may be a rise of 0:3 pH between 11 and 20’clock G.M.T., while in winter there 
is little or none. A range of 1-7 pH has been described in Staddon Reservoir 
by Atkins and Harris (1924) with a maximum of pH 9-3, and the former author 
obtained a value of pH 9-7 by isolating Ulva in sea-water (Atkins, 1922 a). 
Ohle (1934) has described pH values up to 9-60 in brackish water in North 
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Fig, 3.—The changes in pH, excess base, CO, and percentage saturation in oxygen of the 
surface-water of New England Creek from Jan. 1934 to March 1935. 


Germany, and Ellis (1932) records a pH of 9-6 in the Widewater lagoon. 
pH’s greater than 10 were recorded by Beadle (1932) in certain East African 
lakes. 

The hydrogen-ion concentration produced by the constituents of sea-water 
has been discussed by Atkins (1922 a), and in the case of the Creek it seems 
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probable that at these higher pH’s all the calcium will be present as carbonate, 
and that it is the presence of magnesium which enables the higher pH to be 
reached. 

Excess base.—The excess base (Alkalinitat) was determined by the method 
described by Wattenberg (1930), which consists in acidifying the water 
with excess hydrochloric acid, boiling off the carbon-dioxide in a stream of 
CO,-free air, and titrating the residual free acid with baryta. 

The results given in Table VII and fig. 3 show that the excess base remains 
constant at 4-5 milliequivalents per litre until 15.7. 34; this is nearly twice 
as high as the value of about 2-4 milliequivalents per litre in seawater. After 
this the absolute value falls’ off gradually to a minimum on 16. 12. 34 
and returns to slightly above its original figure during the next three 
months. 

If these data for excess base are compared with the results of the salinity 
estimations, it is clear that the ratio Ned shee falls continually from 25, 2. 34 

total salts 

to 21. 10. 34, when it increases again. This suggests that at an excess base of 
4:5 milliequivalents per litre under the conditions in the Creek the solubility 
product of calcium carbonate is reached, and that precipitation is taking 
place until October. The fall in absolute value from 15.7. 34 onwards is 
probably due partly to the continued rise in pH, and hence further reduction 
of bicarbonate ions, but mainly to the production of non-volatile acids by 
the decay of the vegetation. Later these acids are replaced by carbon dioxide 
through bacterial action, the amount of carbonic acid increases, and calcium 
carbonate is redissolved as bicarbonate from the shells and chalk in the water. 
The water occasionally smells of hydrogen sulphide which has unfortunately not 
been estimated. Sulphides will be included as excess base, as they will be 
decomposed during this estimation. An error of unknown magnitude is, 
therefore, introduced and it is unprofitable to discuss in detail the solubility- 
product of calcium carbonate under the conditions existing in the Creek. 

Carbon dioxide.—If one assumes that the formulae and Tables given by 
Buch et al. (1932) for the calculation of total carbon dioxide etc. in sea-water 
from the hydrogen-ion concentration and excess base hold for the Creek water, 
then it is possible to obtain an idea of the conditions of the equilibria of these 
compounds during the period under discussion. 

There is a definite cycle in the total (XCO,)CO, with a minimum in 23. 9. 34. 
Owing to the high excess base, XCO, never falls below 49 cc. per litre at 
N.T.P., which was about the level in sea-water on 26. 8.31 (Cooper, 1933 6). 
It rises in the winter months to about 90 cc. per litre, rather more than double 
the value for sea-water. 

The partial pressure of CO,, pCO,, is given in Table VII as well as 2CO,, 
but it is not shown graphically as the minimum falls to the trace value of 
1-216 10-°. Inthe summer months, therefore, carbon dioxide will pass from 
the overlying air into the water of the Creek. 

JOURN. LINN. SOC.—ZOOLOGY, VOL. XL 30 
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These figures show that the absence of CO, may be a definite limiting factor 
in the growth of the plants and that its rapid uptake by the Ruppia and 
Chaetomorpha may thus prevent the development of phytoplankton. 

Oxygen.—Oxygen was estimated by the Winkler (1888) method. Samples 
were taken in duplicate about 10 cm. below the surface and the first two 
Winkler reagents added immediately on collection. After 30 minutes the 
mixture was acidified and in this condition transported back to the laboratory. 
The free iodine was determined on the following day. 

The results are only very approximate, owing to the lapse of time between 
freeing the iodine and its estimation, and to the presence of hydrogen sulphide 
—at any rate, during the winter months. These factors tend to produce too low 
a result. On the other hand, the iron present will tend to raise the titre. 
Since hydrogen sulphide was not estimated, it is impossible to state the magni- 
tude of the error. In later work, where Alsterberg’s (1926) modification was 
compared with Winkler’s unmodified method, the oxygen content given by 
the former differed from that obtained by the latter by being usually 3-6 per 
cent. higher. In one case, however, it was 4-2 per cent. lower. 

Since a high oxygen consumption is common in brackish-water animals, 
the results of the oxygen determinations are figured as percentage saturation, 
the values for saturation being taken from Fox’s tables (Harvey, 1928)— 
as although inaccurate they suggest that the surface-water contains an adequate 
oxygen supply for the fauna throughout the year (fig. 3). Absolute values 
for oxygen, in cc. per litre, are given in Table VII. 


(g) The nutritive salts. 

Determinations of phosphate, silicate, and ammonia were made on samples 
collected at each visit. At the beginning determinations of nitrite and nitrate 
were also attempted on similar samples, but after it became clear that these 
salts were present only in very small traces, if at all, estimations were only 
made on alternate visits. 


MeErTHopDs. 

Phosphate-—Samples were collected in dark-coloured Winchesters and 
preserved with saturated mercuric chloride solution. Three months’ samples 
were analysed at a time. The coeruleomolybdic method of Deniges as described 
by Atkins (1923) was employed. Since the phosphate content was approxi- 
mately 50 times that of sea-water, comparison between standard and solution 
could be made in a colorimeter. A series of standards was set up simultaneously 
with the preparation of the sample for estimation, and the standard most 
closely matching the sample used for comparison. 

The silicate content of the water was also high, but since this never exceeded 
2 mg. per litre there is no reason to suppose that there was any increase in colour 
due to its presence, as Na,SiO, only gives a colour at 0:1 gm. per litre (Atkins, 
1923, p. 144). 
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Silicate-—Samples for this estimation were collected in waxed bottles and 
six months’ samples were analysed at a time. The phosphate content being 
high, Thayer’s (1930) modification of the method of Dienert and Wandenbulcke, 
in which phosphate and iron are precipitated before the development of the 
colour, was used. Comparisons were made in 40 cm. long Hehner tubes. 

Ammonia.—Estimations were made on the day following collection. The 
ammonia was determined by the Nesslerisation method of Wattenberg (1931), 
and comparison with the standards was made in 40 cm. Hehner tubes. 


TaBLE VIII.—Nutritive salts, expressed as milligrams 
per cubic metre. 


Date. P,O,. SiO,. NH,-N. 
Wels Wo Bee Sooepens So 1927 i: 
2 PRE case cons 3e 1927 27 
Bi bales Gopogone 1417 1832 24 
Pps IBY ooo oii 1407 1930 20 
IR GoG¥E sooamone 1260 1921 10 

a6 GackE  ocdooose 1154 1813 ia 
ZA OLS Meret shoei: 736 1688 10 
Nis Wo SHb  aieee desc 602 1745 bc 
NP SESH soseccte 572 1726 21 
48, Sh Sh ssogocinc 478 1700 a 
2B Whee. oncaonds 275 1698 23 
PA RUE 1 cebicno.o 6 398 1718 18 
Iss Ws SE cooosoon 450 1753 25 
MG NERS eondouias 990 1846 26 
IGE West cad cwoce 1208 1881 27 
IOs 2B c.c.t900.06 1738 1835 18 
lo See: otosoose 1750 1960 11 


Nitrite—The samples were treated with the Griess-Ilosvay reagents as 
described by Wattenberg (1931) immediately on collection. Attempts at 
estimation were made each month from January to April and afterwards 
each alternate visit. In no case did any trace of colour develop, although 
with the addition of 0:0002 mg. of nitrite nitrogen to the 100 cc. sample water, 
the pink colour was invariably produced. 

Nitrate —The diphenylbenzidine method of Atkins (1932) was used. 

For the first six visits, samples for this estimation were treated with 
mercuric chloride and the reagents added on the following day. Later, re- 
agents were added on the spot soon after collection and treated samples brought 
back to the laboratory for estimation. 

The amount of nitrate-nitrogen never exceeded 10 mg. NO,-N per litre, 
but here again there did not seem to be any substance present which hindered 
the development of the colour, since the addition of the equivalent of 25 meg. 
per cubic metre and of 50 mg. per cubic metre produced proportionate colours. 

The negative results for nitrate and nitrite cannot be attributed to keeping 
the solutions, and the whole nitrogen cycle in the Creek is eee. Re 
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No determinations of ‘albuminoid’ nitrogen were made, because it was 
considered unlikely that it would be possible to standarize the perman- 
ganate method sufficiently for estimations made at monthly intervals to be 
comparable. 

That there was organic matter in solution was clearly shown by the very 
considerable charring which resulted when the filtered water was heated with 
sulphuric acid, for instance, in the iron estimations, and a comparison between 
the results obtained by this treatment on Creek water and on Plymouth sea- 
water showed that this was a peculiarity of the former and not of the reagents 
used. One expected that during the winter months, when the large quantity 
of vegetation present was decaying, there would be a large production of 
inorganic nitrogen and that fluctuations in the quantities of these substances 
similar to those observed in the sea and in estuaries (Cooper, 1933 a ; Orr, 1926) 
would occur, probably on a magnified scale. In the sea there exists organic 
matter in solution, which is susceptible to bacterial degradation, but which 
apparently acts as a reserve of nutriment and is not normally metabolised 
to any great extent (Keys, Christensen, and Krogh, 1935). According to Keys 
and his co-workers, small alterations in the system may lead to an outburst 
of metabolic activity on the part of the bacteria, but this outburst is always 
self-limiting and the activity is very sensitive to temperature and to alkalinity. 
It is possible that conditions in the Creek tend either further to inhibit bacterial 
activity or that a cycle involving a different chain of reactions occurs. It is 
obvious that a cycle of some sort exists, since the Chaetomorpha certainly, and 
the Ruppia probably, must obtain their nitrogenous matter from the water, 
but the presence of enough hydrogen sulphide in the water in winter to be 
detected by smell suggests that this cycle is very different from that in sea- 
water. It has, unfortunately, not been possible to investigate this problem 
further either by applying the methods of Krogh and Keys (1934) to the 
estimation of organic nitrogen and carbon in the water or by estimating this 
hydrogen sulphide. 

The results of the phosphate, silicate, and ammonia determinations are given 
in Table VIII and are shown graphically in fig. 4. The phosphate content 
of the water reached the high value of 1750 mg. per cubic metre (17. 3. 35) 
and there was a fall in concentration from 1471 mg. per cubic metre in March 
(23. 3. 34) down to 275 mg. per cubic metre in September (23. 9.34). This 
was approximately fifty times as great as that found in sea-water by Cooper 
(1933 a) and about eleven times that found in Staddon Inlet by Atkins (1924) ; 
values up to 530 and 700 mg. PO; per cubic metre have been found by Strom 
(1934) in two fjords on the south coast of Norway. Determinations of phosphate 
in the water from Shelford Creek, which is still continuous with the River Roach, 
gave values of 42 and 67 mg. per cubic metre respectively, lower than Brandt’s 
values for North Sea water (Oppenheimer and Pincussen, 1927). 

From its geological nature, it is unlikely that the soil forming New England 
Island would have a high phosphate content and that the water draining into 
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the Creek would be a considerable source of phosphate: this substance may, 
however, be brought in by sea-birds, who seek refuge along the banks during 
stormy weather, although they feed elsewhere. No data giving the total daily 


1200 


1100 
w ,, 1000: 
2 2 900 
is ¥ 800 
_£ ¢ 700 
Rep 
2 2 600 
e & 500 
lop) 
ea ADG 
Ss 300 
=. 200 
100 
ope le 
wz 25 
EE 20 
ss) 
aS 15 
< 10 
1950 
mn 
Ss 1900 
= 
E 
E 1800 4 1850 
7 | 
ie) 
-- 17007 1650 
cp) 
1650 
1450 
pei250 
= 
“P1050 
lop} 
E 
850 
N 
a 
650 
450 
250 


1934. WEEKS 1935 


Fic. 4.—The changes in content in iron, ammonia-N, SiO,, and P.O, 
from Jan. 1934 to March 1935. 


production of excrement by sea-birds and its phosphate content seem to be 
available, but it is possible to obtain a rough figure for the maximum number 
of birds required to visit the Creek daily in order that the amount of phosphate 
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present should rise from 40 to 1750 mg. per cubic metre in ten years, from 
the results of analyses of the urine of the domestic hen. 

Assuming that the original phosphate content was 40 mg. per cubic metre 
and that there is an even distribution throughout the water, then the total 
increase in phosphate for the whole of the water in the Creek between July 
1925 and March 1935 is approximately 390,000 gm., i.e. 39,000 gm. per year, 
about 110 gm. per day. 

A domestic fowl weighing from 1 to 2:5 Kg. produces between 0-55 and 1 gm. 
of phosphate per day when fed on oats (Sharpe, 1912), so that if urine alone be 
reckoned the visits of 100-200 birds daily would be required. But the faeces 
and urine of sea-birds almost certainly contain more phosphorus, and since 
a 2 Kg. hen produces 6-10-5 gm. of dry excrement per day if fed on corn and 
16-20 gm. if fed on meat (Konka, 1900), the actual number of birds necessary 
is certainly very much lower. There have usually been a number of cormorants 
and gulls resting on the island between X and Y at each visit. These have 
regularly been counted at about 12 noon and numbers up to 60 have been 
observed, there usually being between 20 and 30 on the island alone. 

The results of the phosphate, silicate, and carbon-dioxide determinations 
may be used to give some idea of the productivity of the Creek. 

By assuming an even distribution of phosphate throughout the water and 
taking into account the changes in total volume of water, it can be calculated 
that the phosphate (P,O,;) consumption between 23. 3.34 and 23. 9.34 was 
280,000 grams. This is equivalent to a consumption of 1-6 gram per square 
metre of surface and of 1:0 grams per cubic metre. In order to obtain an 
approximate measure of the phosphorus used by plants, the phosphate contents 
of dry Ruppia maritima and Chaetomorpha Linum were estimated. 

The plant material was washed quickly in distilled water and dried to constant 
weight at 105°C. Subsequent treatment followed in outline that described 
by Cooper (1934) for the estimation of phosphorus in plankton, and the following 
results were obtained :— 


Ruppia: 1:15-1:26 per cent. P,O; of dry weight. 
Chaetomorpha : 1:2 per cent. PO; of dry weight. 


If a mean value of 1:2 per cent. P,0,; be taken for both Ruppia and Chaeto- 
morpha, then the production of plant material, calculated from the data given 
above, is equivalent to 130 grams of dry material per square metre of surface. 
This is low in comparison with the productivity of a good hayfield, which gives 
5311 Ib. of hay per acre (Crowther, 1928), i.e. 600 grams of hay per square 
metre. By taking the dry weight of these plants as forming 25 per cent. 
of the wet weight, the production of plant material can be calculated as 320 
grams per cubic metre compared with 17:6 grams for the marine station E.1 
in 1931 (Cooper, 1933 a). 

The silicate content is approximately six times that of sea-water, but 
considerably higher values have been found in fresh water (Atkins, 1926). 
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The data obtained are summarized in Table [X. This shows that the relation- 
ship between phosphate and silicate in the Creek is quite different from that 
obtaining in sea-water, where the consumption of silicate is 7-8 times that 
of phosphate. In the Creek the consumption of phosphate is about double 
that of silicate. This is clearly due, in part, to the absence of phytoplankton 
with siliceous skeletons, and also suggests that the Ruppia may obtain some, 
or all, of its silicate from the soil rather than from the surrounding water. 


TABLE 1X.—Consumption of certain nutritive salts in 
New England Creek. 


(Figures in brackets : consumption of nutritive salts in sea-water at 
station E, 1 in 1931. From Cooper (1933 a).) 


Phosphate. Silicate. Carbon dioxide. 
Maximum concentration.... 1,417 mg. per 1,927 mg. per 89-08 c.cm. per litre 
cubic metre cubic metre (25. 2. 34). 
(23. 3. 34). (25. 2. 34), 
Minimum concentration 275 mg. per 1,698 mg. per 49-85 c.cm. per litre, 
(23. 9. 34). cubic metre, cubic metre. 
Total consumption ...... 280,000 gm. 162,000 gm. Tos 10%esemy 
Total consumption per sq. 1:6 gm. 1-0 gm. 76,000 ¢.cm. 
metre of surface. 
Consumption per cubic 1,000 mg. 620 mg. 47,000 c.cm. 
metre. (26-3). (208). (2,700). 
TAROCKTOHON noyoonpomooac0s 320 gm. wet 102 gm. dextrose 
plant material per cubic metre. 
per cubic metre. Method of calcu- 
lation of Atkins 
(1922). 


The consumption of carbon dioxide has also been calculated, and the results 
are summarized in Table IX together with that of phosphate and of silicate. 

The results of these analyses show that exhaustion of neither phosphates 
nor silicates acts as a limiting factor in the production of phytoplankton : 
the absence of nitrites and nitrates, the reduction of free carbon-dioxide, and 
the high pH are clearly factors of much greater significance. 


Part I1.—THE ORGANISMS. 


1. THE FLORA. 
The flora of the Creek has not been studied in any detail, since the pre- 
dominance of Ruppia maritima and Chaetomorpha Linum Kitz. was so marked 


that they were clearly the factors of greatest importance to the fauna. 

As far as observations can be made, i.e. in the shallower water, the Ruppia 
does not form a continuous carpet such as that made by grass in a hayfield, 
but the plants are spaced in a manner reminiscent of a field of cultivated oats. 
Generally speaking, the distribution of the Ruppia throughout the Creek is 
fairly even, but there are occasional patches where it is absent and others 
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where the density is high. The young plants are sage-green in colour, but as 
they get older they turn to a mahogany-brown. In the deeper parts of the 
Creek, the stems may be very long, measurements having shown that they 
reach 2 metres in length. In 1934 the Ruppia was first found to be flowering 
on 24 June and flowers and seeds in all stages were still there on 15 July. 
By 13 August they had disappeared. Living Ruppia was present in the 
Creek at all seasons and there appeared to be no marked destruction of the 
plant in the winter months. 

The presence of Ruppia maritima in a habitat suggests that the water 
surrounding it is a more or less physiologically balanced solution. Osterhout 
(1906) showed that while this plant, which survived for 150 days in sea-water, 
could live in distilled water for 80 days, isotonic solutions of single salts were 
more lethal than the distilled water. The addition of CaCl, to a solution of 
NaCl enabled the plants to live longer than in the latter solution alone, but 
only after the addition of KCl did they survive longer than in distilled water. 
For them to live as long in an artificial solution as in sea-water, it was necessary 
for Mg to be added and for the ratios of the cations to approximate to those 
found in sea-water. Osterhout made no experiments on the behaviour of the 
plant in diluted balanced solutions, but the length of survival in distilled water, 
in conjunction with the results above, suggests that this plant could live in 
water of very low salinity so long as the proportions of the salts in the 
environment approached those of sea-water. 

Chaetomorpha Linum forms a tangled layer, in some places about a metre 
deep, among the lower parts of the Ruppia stems. Since this plant chiefly 
occurs in deep water, its periodicity is difficult to ascertain, but it is certain 
that the greater part of it dies out in the winter months. Signs of decay were 
observed in November 1934, and the plant began to reappear in quantity in 
the following April. 

Enteromorpha sp. was also present, but only exceptionally. 

During the major part of the period under discussion, no phytoplankton 
was found, although pollen and seeds from Ruppia, and detritus from both 
this plant and Chaetomorpha, were included in plankton hauls. But in 
December 1934 and January 1935 there was an outbreak of Prorocentrum 
micans Ehrenb., which occurred in such large numbers that the water of the 
Creek was tinged a reddy-brown. This Peridinian is a marine form. The 
appearance of this organism during the winter season only may possibly 
have been due to the reduction in free carbon dioxide during the summer 
months (see Table VII). The Ruppia and Chaetomorpha started at an 
advantage and the great quantities present must necessarily have used most 
of the free carbon dioxide available. So far as is known, few plant organisms 
can obtain carbon dioxide by the decomposition of carbonates. Nutritive 
salts, with the exception of phosphates, may have been similarly removed. 
[ am indebted to Dr. F. W. Jane for assistance in identifying P. micans. 
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2. THE FAUNA. 
(a) Methods of collection. 


The large amount of Ruppia and Chaetomorpha present prevented any 
quantitative collection of either nekton or of free-living bottom forms. 
Preliminary investigations with a bottom stramin net such as that described 
by Russell (1928), and with a D-net, showed conclusively that nets of this 
type were useless among the weed, since the mouth was blocked up after a 
pull of a few yards and no animals ever got into the net at all. So far, I have 
not succeeded in designing a net to overcome this difficulty. It has therefore, 
been necessary to collect the fauna by the following methods :— 

(1) By hand collecting from the weed, both growing naturally and from 
plants floated out in a bowl of water ; and by examining the surfaces 
of wood and stones in the Creek ; 

(2) by using a small fine-meshed hand net ; 

(3) by fishing with eel-lines ; 

(4) by centrifuging samples of water ; 

(5) by collecting samples of the weed and of the mud, together with large 
quantities of water from the Creek and keeping the whole in glass 
tanks, under aeration, in the departmental aquarium. These cultures 
were examined from time to time and have yielded some results, 
although fewer than was hoped. This is due to the fact that the 
water very easily became foul and to the common rapid increase 
in numbers of Linews gesserensis to the detriment of other forms. 
Nevertheless, Hmbletonia pallida was first found in such a culture, 
and large numbers of the Ciliate, Condylostoma magnum, usually 
appeared. I am indebted to Miss R. M. Renton for attending to 
these cultures ; 

(6) by hauls with a plankton net, 44 cm. in diameter, made of fine silk, 
100 strands to 1 inch. The results from this method will be discussed 
separately in a later section ; 

(7) by digging up the bottom where the water was shallow and examining 
suspensions of the mud. It was at one time hoped to do this with 
a view to obtaining quantitative data with regard to the benthic 
fauna, but it soon became clear that, owing to the very uneven 
distribution of the fauna, this was a task of too great a magnitude 
to be attempted. 

So far as possible I identified the specimens myself in order to be sufficiently 
familiar with the fauna to detect changes as soon as they occurred, but it 
was necessary to obtain assistance in many cases, and I am indebted to the 
following experts for their identifications of animals submitted to them — 
Professor F. Balfour-Browne (Coleoptera), Mr. G. I. Crawford (Cardium), 
Mr. W. Edgar Evans (Zoantharia), Dr. R. Gurney (certain Copepoda), 
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Professor H. G. Jackson (certain Crustacea), Mr. T. T. Macan (Sigara), 
Dr. A. G. Nicholls (Idya), Dr. O. W. Richards (Dipterous larvae), Mr. G. M. 
Spooner (Gammarus), Dr. A. K. Totton (certain Coelenterates), Dre Verb 
Wigglesworth (Aedes), Dr. D. P. Wilson (certain Annelid larvae), Mr. R. Winck- 
worth (certain Molluscs). 


(b) The species present and their occurrence in other habitats. 


PROTOZOA 


TasLe X.—List of animals found in New England Creek 


between January 1934 and March 1935. 


The column on the right gives the fauna of the Widewater Lagoon, 


Be ai ieue! 6.518 


COELENTERATA...... 


NEMERTINI 
ANNELIDA 


CRUSTACHA 


INSECTA .. 


Pie jureiolere es 


bee e) 4616) 8 0.16 


June and July 1931. 
New England Creek. 


Condylostoma magnum Spiegel. 


Anomalina sp. 


Coryne (Sarsia) lovent (M. Sars). 


Obelia flabellata Hincks. 


Gonothyrea loveni (Allman). 


Rathkea octopunctata (M. Sars). 


Aurelia aurita (Linn.). 


Diadumene luciae (Verrill). 
D. cincta Stephenson. 

Lineus gesserensis Miller. 
Harmothoé spinifera (Ehlers). 
Nereis diversicolor Miller. 
Polydora ciliata (Johnston). 
Arenicola marina Linn. 


Hurytemora velox (Lilljeborg). 


Acartia bifilosa (Giesbrecht). 
Idya (Tisbe) furcata (Baird). 
Mesochra lilljeborgi Boeck. 
Cyclopina norvegica Boeck. 


Sphaeroma rugicauda Leach. 
Idothea viridis (Slabber) 
Jaera marina (Fabricius). 
Ligia oceanica (Linn.). 
Gammarus locusta (Linn.). 


Corophium volutator (Pallas). 
Praunus flecuosus (Miiller), 


Palaemonetes varians (Leach). 


Chironomid. 
Stratiomyia sp. 
Nemotehes sp. 
Tabanid ? genus. 
Aedes detritus Edw. 
Hydroporus planus F. 
Philhydrus bicolor ¥F. 
Sigara selecta (Fieb.). 


(Ellis, 1932.) 


Widewater. 


Bougainvillea muscus. 
? G. loveni. 


Actinia equina. 


N. diversicolor. 


A. marina. 
E. thompsoni. 


I. furcata. 


C. gracilis. 
Halicyclops magniceps. 


I. viridis. 
Gammarus locusta. 
G. duebeni. 

CO. grossipes. 


P. varians. 
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EMOLEUSCAT. . csc snre Abra tenuis. 
Cardium edule lamarcki Reeve. C. edule var. lamarckit. 
C. edule var. quadrata. 
Mya arenaria Linn. 
Mytilis edulis. 
Littorina saxatilis tenebrosa (Mon- L. rudis tenebrosa. 
tague). 
Hydrobia ventrosa (Montague). H. ventrosa. 
Phytia myosotis myosotis (Dre- 
parnaud). 
Embletonia pallida (A. &. H.). 
POUL TZO Ammar oF Membranipora crustulenta M. crustulenta. 
var. fossaria (Hincks). 
VERTEBRATA ........ Anguilla vulgaris Turton. 
Gasterosteus aculeatus Linn. G. aculeatus. 
Gobius niger Linn. 
Gobius minutus Pallas. 
Zoarces viviparus Linn. 
Platichthys flesus flesus Linn. 


A list of the animals found in New England Creek between January 1934 
and March 1935 is given in Table X. This is strictly limited to specimens 
which have been found alive below the surface of the water, and no attempt 
has been made to collect animals living either at the water’s edge or on the 
surface film. It is of interest to note that even in what superficially appears 
to be a homogeneous environment, such as this, the fauna is by no means 
evenly distributed. Mya arenaria and Cardium edule are found in local con- 
centrations and there may be small isolated colonies (e.g. of Phytia myosotis 
and of Ligia oceanica) living on submerged chalk boulders with yards of 
apparently identical environment stretching unoccupied on either side. Thus, 
although very careful investigations have been made, it is possible that colonies 
of other species have been overlooked, and this, taken in combination with 
the difficulty of making large collections of bottom-living forms, would suggest 
that the list, even as far as Metazoa are concerned, is probably very incomplete. 
No systematic attempt has been made to collect Protozoa, and the forms 
listed have been given a place because of their conspicuous abundance. 


NEMERTINES. 

Lineus gesserensis was found abundantly in localised patches where the 
substratum was mud, but appeared to be absent where the bottom had a 
superficial covering of either sand or clay. McIntosh (1874) vividly describes 
the habitat of this animal as follows : ‘ In their native haunts the stones under 
which they lie are often placed on dark, muddy and highly odoriferous sand 
or gravel and the water cannot be other than brackish at the estuary of a river’. 
In New England Creek L. gesserensis did not exclusively live under stones, 
but frequently among the roots of the Ruppia. In all cultures containing 
mud and water together collected from this Creek and kept in the aquarium, 
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Lineus appeared in enormous numbers after two or three months. According 
to Nicol (1935), this animal is found commonly in brackish-water pools of high 
salinity. 


COELENTERATES. 


Coryne loveni was rare. In the Spring a few small colonies were found 
growing on the Ruppia leaves or very occasionally on the mud near the mouths 
of dykes leading to sluices in the south-west sea wall. At other seasons 
it disappeared, but has reappeared each successive spring. It bred in April 
and a series of developmental stages was collected so as to be sure of differ- 
entiating it from Coryne sarsi Loven. Laboratory observations showed that 
the form collected in the Creek does not have a free medusoid stage, the 
production of planula larvae having been actually watched under a dissecting 
microscope. Coryne loveni is a North Sea form, found neither in the Baltic 
nor Kattegat (Broch, 1928). 

Obelia flabellata was fairly widely distributed upon the Ruppia throughout the 
Creek. Reproductive polyps were found during the months of April and May. 
It has been recorded (Hincks, 1868) as present in tide-pools at Tenby and on 
the Scottish coast. 

Gonothyrea loveni also occurred upon the Ruppia and persisted in fairly 
large quantities from March to November. Medusa-buds were found from 
April to August. This is a North Sea and Baltic form (Broch, 1928), and 
Ellis (1932) doubtfully records it from the Widewater lagoon. 

Rathkea octopunctata was found in small numbers in the plankton in March 
and April 1934, but not in the succeeding months. It reappeared in November 
and one or two specimens were caught in each haul until the end of this survey 
in March 1935. Attempts were made to find the parent hydroid, but were 
unsuccessful. This medusa occurs in both the North Sea and the Baltic. 

Aurelia aurita was not common and adults were only found in any numbers 
in May 1934. These were exceptionally small, their maximum diameter never 
exceeding 1:5 cm. Large numbers of ephyrae were found in March and a few 
in April. No scyphistomata were ever discovered in the Creek, but occasional 
specimens occurred in cultures in the laboratory. These were so peculiar 
that it was impossible to ascertain their species. Fomm (quoted by Stammer, 
1928) has stated that A. aurita will penetrate into water of much lower salinity 
than that of the sea and that seyphistomata will continue to live in fresh water 
in aquaria, although strobilation does not take place : with reduction in salinity 
of the environment, there is an accompanying reduction in size. A. aurita 
is common in the Baltic (Krumbach, 1930) and penetrates the River Ryck 
down to a salinity of 6-7 parts per thousand (Stammer, 1928). 

Diadumene luciae was common in two localities only in the Creek, namely 
on a concrete buttress in the dyke opposite point Y on the map and near the 
sluice in the north-west dam. It is widely distributed on the east coast of 
England and is recorded by Gurney (1923) in brackish water in Norfolk. It is 
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often found on Ruppia maritima and is very hardy and resistant, both to 
extremes of temperature and to reduction in salinity. 

Diadumene cincta was fairly widely distributed throughout the Creek, 
attached to the stems of Ruppia. It was noticeably more abundant in those 
parts of the Creek which were exposed to wind and hence where movement 
of the water was likely to be greatest. D. cincta is found at Plymouth, and 
has recently been recorded from the River Roach by Rawlinson (1936). 

The distribution of D. luciae and D. cincta is discussed in detail by 
Stephenson (1935). These two anemones were common in the Creek in 1933 
and until May 1934. After this, D. cincta disappeared from places where 
it had hitherto been plentiful and no specimens of D. luciae were found after 
August 1934. Neither has been seen in the Creek since. It may be that 
they were unable to stand the high pH of the water in exceptionally dry and 
hot summer and autumn months. The increase in salinity alone cannot 
be the cause of their disappearance, since it is clear that D. cincta, at any rate, 
can support a salinity as high as, or even higher than, that of the North Sea, 
as is proved by its occurrence in the River Roach. 


ANNELIDS. 


Harmothoé spinifera was rare and only two specimens were found in New 
England Creek. It usually lives under stones and in clefts of rock and is 
often obtained in dredgings near the coast (Fauvel, 1923). 

Nereis diversicolor was not very common in the Creek, but fairly large 
numbers appeared on the surface of the mud between November and January, 
when the vegetation was decaying. It is considered by Stammer (1928), 
who discusses its breeding habits in brackish water, to be a mesohaline form. 
Sorby (1903) records that it is rare in the River Crouch : this may be correlated 
with the high salinity of that river. 

Only the larval form of Polydora ciliata was found in the Creek. The larvae 
were collected in the plankton between February and August ; usually there 
were but few present. The maximum number (80 per cubic metre) was 
reached in May. This animal was found in the Baltic, and bores into either 
chalk rocks or calcareous shells, e.g. oyster (Wilson, 1928). It seems possible 
that Mya arenaria may be its host in the Creek. 

Arenicola marina was present in the Creek, but there were only about two 
dozen visible burrows. The animals were definitely small, the maximum 
length being 9 cm.; about the minimum size of an adult worm (Thamdrup, 
1935). This author has summarized the existing knowledge of the reproductive 
cycle of A. marina. It seems clear that the larval stages have a long pelagic 
life, starting between July and November and extending over the winter to 
between April and June in the following year. The plankton has been re- 
examined for Arenicola larvae without success, and it is suggested that the worms 
are survivals from the time when the Creek was in contact with the sea. This 
is a period of nine years and Thamdrup has found that Arenicola can survive 
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for at least six years in an aquarium. If the animals bred to any extent in the 
Creek, it seems unlikely that the larvae should not be collected in the plankton 
during the five winter months, and, if so, they would be easily identified, since 
the number of animals of all species present was small. The mud has not 
been examined chemically, and conditions there may aid the survival of adults, 
while those in the water may inhibit development of the larvae. 


CRUSTACEA. 


Eurytemora velox, in all stages, was found in the plankton. The maximum 
numbers of adults and copepodid stages occurred in May and June, with another 
increase in August, after which they did not appear again. Gurney (1931) 
states that dense masses of this form, at all stages of development, were found 
in certain salt-marsh pools up to June, but later in the summer they almost 
disappeared. The period of decrease corresponded with the hatching and 
development of Palaemonetes varians, which probably eat the Hurytemora. 
The disappearance of HL. velox from New England Creek in the later months 
of 1934 may possibly be ascribed to a similar cause, since P. varians becomes 
increasingly common therein from May onwards. Unfortunately, it has so 
far proved impossible to obtain any idea of the relative numbers of the two 
forms present. 

E. velox is a typically euryhaline brackish-water form. It is found in fresh 
water in Epping, Essex, in salt-marsh pools of high salinity at Blakeney, and 
in the Broads in fresh to slightly brackish water (Gurney, 1931). It was found 
by Nicol (1935) in pools usually of 1 part per thousand salinity, in which, 
after a spring tide, the salinity rose to 15 parts per thousand. 

Acartia bifilosa predominated in the plankton and was present throughout 
the year, except at the end of June. The seasonal variations in numbers 
of this animal are shown in fig. 5. It is characteristically a brackish-water 
and estuarine species, with a range of tolerance of salinities between 32 parts 
per thousand and 0-3 parts per thousand (Gurney, 1931). It is widely distributed 
in the Baltic and forms 90 per cent. of the plankton in the Zuider Zee. A. bifilosa 
is classified by Redeke (1922) as a mesohalinophil brackish-water animal. 

Idya furcata was present in the plankton throughout the year. The numbers 
rose to a peak at the beginning of June, fell until the end of August, after 
which a still higher peak was reached in November. This animal was found 
in the Widewater lagoon by Ellis (1932). 

Mesochra lilljeborgi was found in the plankton from April to December 
inclusive. Previous to this it did not occur, and it disappeared again in January 
to March, 1935. The maximum number was present in May. It is common 
in brackish-water pools and estuaries, but is confined to water of high salinity 
(Gurney, 1932). | 

Cyclopina norvegica was rare, and only a very few specimens were obtained. 


It is an estuarine and littoral species, common in estuaries of the East Coast 
(Gurney, 1933). 
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Sphaeroma rugicauda was fairly common and lived chiefly on and under 
stones, although swimming individuals were sometimes caught. It bred 
in the Creek, and animals at all stages were found at all seasons of the year. 
It is a brackish-water form and has a wide range in the Baltic (Nierstrasz & 
Schuurmans Stekhoven, 1930). Stammer (1928) considers S. rugicauda to be 
a mesohaline form and Schlienz (1923) found that in the Elbe the lowest 
salinity tolerated by this species was 14 parts per thousand. 

Idothea viridis was the predominant animal in the nekton. It lived chiefly 
among the Ruppia and in the shallow water at the edge, and was often 
found feeding on the Membranipora. Although it appeared to breed to some 
extent throughout the year, copulating pairs were particularly common in 
early June and in September, and many small specimens were present in late 
June and in October. Many of these were caught in the plankton. While 
it was always possible to collect isolated specimens, they were comparatively 
scarce in January. Whether this was due to a large mortality, or to their 
migration to the deeper parts of the Creek, it is impossible to say. 

While the /dothea in New England Creek may almost certainly be ascribed 
to the species /. viridis, which is in itself both widespread and very variable, 
it is considerably modified and differs in many respects from two colonies of 
the same species found respectively on and near the Maplin Sands. One 
would have expected to find J. viridis in the Creek, since it occurs commonly 
in the locality and Schlienz reports that it penetrated to a salinity of 13 parts 
per thousand in the Elbe, Stammer (1928) found it in the Danische Wiek 
at a salinity of 5-9 to 7 parts per thousand and Ellis (1932) in the Widewater 
Lagoon. It seems probable that specimens were enclosed when the Creek 
was dammed. This local race of J. viridis has now been studied in some detail 
and will be described elsewhere. It is interesting to note that J. linearis is 
common in the rivers Roach and Crouch—this fact being mentioned by Sorby 
(1903). I have collected copulating pairs and berried females in considerable 
numbers in these rivers. 

Jaera marina was fairly common and it was almost impossible to turn up 
any suitable boulder without finding specimens beneath it. This species seemed 
to breed throughout the year. The animal has a wide range in the Baltic 
and Schlienz found that the species penetrated the Elbe down to a salinity 
of 5-9 parts per thousand. 

Ligia oceanica was found in a single large but very localized colony, living 
under submerged lumps of chalk which had been imported to build up the sea 
wall before the Creek was dammed. At first the colony was confined to a very 
small part of the area occupied by these chalk boulders, but the animals bred 
successfully and the boundaries of the colony had extended considerably 
between January 1934 and March 1935. Several apparently similar habitats 
occur round the Creek, but they are isolated from each other by stretches 
of mud, and no specimens of L. oceanica have ever been found in them. It seems, 
therefore, that both mud and water form barriers to migration of this species, 
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Nicholls (1931) states that the natural habitat consists of crevices in rocks 
just above high-water mark or under stones on sand beaches. This author 
collected specimens at Millport from underneath stones which were moistened 
by a stream of very reduced salinity, but in the laboratory specimens failed 
to survive any considerable dilution of sea-water for more than about one month. 
Tait (1917) found that the animals could be kept alive for 42 days in half 
sea water. It will be interesting to follow the fate of this colony during 
further dilution. 

Yammarus locusta was very common and lived among the Ruppia at the 
edge of the Creek. It bred all the year round, but copulating pairs were 
commonest between May and August. This animal has been studied by 
Mr. G. M. Spooner, to whom I am indebted for the following information. 
G. locusta from New England Creek has the main diagnostic characters of the 
species, but is modified in some unusual respects. The atypical features are : 
(a) hairs on several parts denser and longer than normal, more especially on 
distal but not on basal joint of hind pereiopods and on the urosome dorsally ; 
(b) tendency for hairs on male second antenna to become curled to a variable 
degree ; (c) inner ramus of third uropod distinctly shorter than that of first. 
Joint of outer ramus between 80 and 90 per cent. of its length (cf. typical 
British G. locusta, 95 to 100 per cent.); (d) epimeron plates 2 and 3 in some 
specimens with much stouter spines on their ventral border than are customarily 
found ; (é) size considerably reduced, and associated with this the accessory 
flagellum in adult males has fewer joints than usual (8 or commonly 7). 

Gammarus duebeni is common in neighbouring ditches in association with 
a flora and fauna of fresh-water appearance, and G@. zaddachi is present in Essex 
(Palmer, 1933) and could probably be found in the neighbourhood of the 
Creek. It is unusual for G. duebent to occur in water of a permanent salinity 
as high as that of New England Creek. 

Corophium volutator usually lived in burrows in the mud, and only in 
November did swarms appear in the water. It was fairly common and 
appeared to breed in the Creek. The bionomics of this species have been dis- 
cussed by Hart (1930). It is a typical brackish-water form and occurs commonly 
in association with Mya arenaria (Stephensen, 1928). 

Praunus flecuosus was fairly common and bred in the Creek, since ovigerous 
females could be collected at all times of the year. It appeared to be more 
abundant from November to January than at other seasons, but this might 
have been due to a summer seasonal migration to the deeper parts of the water. 
It is a common North Sea and Baltic littoral estuarine form (Zimmer, 1933), 
and was found by Percival (1929) in the Tamar at Calstock, where the high- 
water salinity was 7-8 parts per thousand and the low water 0-3 parts per thousand. 

Palaemonetes varians was rare during the winter months and was first found 
in quantity in May, after which it persisted in fair numbers until the following 
winter. It is a well-known euryhaline form, which certainly breeds in fresh 
water in the Mediterranean region, and in water of low salinity at Benfleet, 
Essex (Lambert, 1930). 
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INSECTA. 

Chironomid larvae were moderately common in the mud below water-level 
at all seasons. 

Stratiomyid larvae were not common, but occurred among the Ruppia 
from time to time. 

A solitary larva of a Tabanid fly was found, and 3 specimens of Nemotehes 
larvae. 

It proved impossible to rear adult insects in the laboratory from larvae 
caught in the Creek, so the actual species could not be determined. 

Aedes detritus was found in the Creek on one occasion only. At the beginning 
of June there were very large numbers of empty pupal cases, with some living 
pupae and a few larvae. This species is said by Marshall (1925) to occur in 
stagnant sea, as well as brackish water. Nicol found the larvae only in pools 
of low average salinity, but from the data given above it is clear that enormous 
numbers of adults successfully emerged in New England Creek. 

Hydroporus planus was rare and is not known to breed in the Creek. It is 
described by Fowler (1887) as being commonly found in ponds and ditches 
throughout the kingdom. Nicol found this species in the less saline pools 
of Aberlady marsh, but not in the more saline. 

Philhydrus bicolor was not very common, but in the summer months speci- 
mens could always be obtained if searched for. It appeared to be confined 
to the more sheltered portions of the Creek. It is a common coastal form 
found in brackish water, and according to Thorpe (1927) is at home in pools 
liable to a density of 1035 or more. 

Sigara selecta was extremely common in the dykes running between the 
Creek and the sea wall, and specimens were not uncommonly caught in the 
plankton net. Nymphs, in different instars, of a Sigara sp. were found together 
with adults of S. selecta. Although there is no proof that these nymphs 
belonged to the above species, this seems extremely probable, in which case 
the animal breeds more or less continuously between March and October. 


Mo.Liuscoa. 


Cardium edule was exceedingly common. These cockles lived among the 
masses of Chaetomorpha and the Ruppia stems and occasionally on the mud 
in shallow water. Many were killed when the edges of the water receded 
during the summer. The animal was very prolific, and larvae were found 
in the plankton from April until the end of August. I am indebted to Mr. G. I. 
Crawford for the following observations on Cardium occurring in the Creek. 
Specimens collected by him on 10. 5. 36 differed from the marine forms on 
these points: the shell was more asymmetrical owing to the elongation of the 
siphon end ; the shell was thinner, with ribs clearly defined internally ; often 
with a purplish flush externally. The largest shell belonging to a living 
Cardium was 28 cm. in greatest diameter. The author collected twelve of 
the largest living cockles on different visits in 1934, and in the collection of 
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48 preserved the same characters hold and again the largest shell was 2:8 cm. 
long. In the Baltic the maximum size of Cardiwm may fall as low as 1-85 cm. 
(Valikangas, 1933). 

The characters described above are frequently found in Cardium inhabiting 
waters hypo- or hypersaline in comparison with sea-water. 

Mya arenaria was very widely distributed in the mud. This distribution 
was not always regular, but in some places the number per square metre 
exceeded 150 specimens. The animal bred well in the Creek, and larvae 
were present in the plankton together with those of Cardiwm. Here, again, 
enormous numbers perished when the level of the water fell. M. arenaria 
is a common brackish-water form. It is distributed over a large area of the 
Baltic and passes into water of a salinity of 5 parts per thousand, which is also 
the limit for Cardiwm edule (Valikangas, 1933). In the Zuider Zee there may be 
as many as 605 Mya per square metre (Haas, 1926). 

Littorina saxatilis swarmed on the Ruppia throughout the whole Creek 
and bred prolifically during the summer. It is a common littoral form found 
found near low-water mark. 

Hydrobia ventrosa occurred in enormous numbers, mainly on the mud 
immediately below the water’s edge, many patches containing 10,000—20,000 
per square metre. It appeared to prefer a bottom containing organic matter, 
since it was rare where the substratum was formed by either clean sand or 
clay. Isolated specimens were occasionally found, among the L. sazatilis, 
on the Ruppia. It is of interest that H. ulvae occurred in large numbers 
immediately outside the north-west dam, but no specimen was obtained from 
the Creek, although Nicol (1935) found it in saline pools near Aberlady Bay. 

Phytia myosotis : there was a single isolated colony of about 30 individuals 
on a patch of chalk boulders. As far as is known at present, there was and 
is (1937) only this one small colony. The animals certainly produced eggs, 
but it is not known whether these continued to develop or not. One small 
egg-mass was transferred to the departmental aquarium, but development 
failed to proceed beyond the veliger stage. Ellis specifically comments on the 
absence of this species from the Widewater, although it occurred in the 
neighbouring estuary. The animal is an estuarine form. 

Embletonia pallida was fairly common, and from April to November could 
generally be found on submerged logs etc. and sometimes on the Ruppia. 
Copulating pairs were found in May. It seemed to feed on Obelia or Gono- 
thyrea when these were flourishing. It is commonly found in brackish water 
(Stammer, 1928 ; Nicol, 1935). 


PoLyzoa. 


Membranipora crustulenta was very common. It occurred abundantly 
on the Ruppia, on stones, and on any logs that were present in the water. 
Cyphonautes larvae were found in large numbers in the plankton in March. 
This is early in the year, since most Membranipora breed in July or August, 


A SALINE LAGOON IN SOUTH-EAST ESSEX 417 


M. monostachys (now crustulenta) is described by Hincks (1880) as being a 
brackish-water form, with the stems of water plants in brackish ditches as one 
of its habitats. It is abundant at the mouth of the River Deben and in the 
River Roach. Gurney (1929) found this species in ponds of salinity of 14-6 parts 
per thousand lying to the landward side of a single bank at Salthouse on the 
Norfolk coast. It is interesting that he found Sagartia (now Diadumene) 
luciae and Gonothrea loveni in association with the Membranipora, as I found 
in New England Creek. In the Widewater lagoon, Ellis (1932) also found 
Membranipora crustulenta. 


TELEOSTEI. 


Anguilla vulgaris occurred in considerable numbers. A mass attack by 
local fishermen in 1934 yielded over two hundredweight of living eels. 

Gasterosteus aculeatus (3-spined) was fairly common and bred in the Creek. 

Gobius niger could be fairly easily caught on an eel-line: that is to say, 
if four eel-lines were set overnight, two or three specimens were generally 
caught. This species is capable of penetrating to water of low salinity and 
is common in the West Baltic and on the British coast (Duncker, 1928). 

Gobius minutus. Large numbers could usually be seen basking in the shallow 
water at the edges of the Creek. It bred prolifically and young were found 
in the early summer. It is an estuarine form and can tolerate water of very 
low salinity. 

Zoarces viviparus was occasionally caught on eel-lines by fishermen and 
presumably bred in the Creek, since three small specimens were collected with 
a net. They were of the open sea-coast type with 14 pigment spots and 18 
pectoral rays (Schmidt, 1917). Z. viviparus is common in the West Baltic 
and in muddy regions of the North Sea (Dunker and Mohr, 1928), and exhibits 
a preference for shallow water (Schmidt). 

Platichthys flesus was not uncommon and could often be seen in the shallower 
water. It is not known whether it bred in the Creek. It is quite a typical 
inhabitant of dykes and will enter fresh water (Norman, 1934). 


(c) Some notable absentees. 
In a study of this nature, not only are the animals present of great interest 
but it is also worth while to consider others which are absent from this environ- 
ment, although they have been found in similar habitats elsewhere. It is 


impossible to mention them all, but I propose to deal with a few selected 


examples. 
Lambert (1930) reports that New England Creek contained oysters, Sabella, 


Tunicates, Nereids, Crepidula, Amphitrite, whelks, and crabs. Of these, only 
Nereis diversicolor remained in 1934. 

Carcinus maenas occurs in enormous numbers in the nearby tidal creeks 
and rivers, and can be collected immediately outside the dams. This species 
ig well known to tolerate salinities lower than that of sea-water (Schlieper, 
1930)—e.g. down to 6:8 parts per thousand in the River Elbe eee 1923), 
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and it is surprising that it is not found in New England Creek. It was not found 
in the Widewater by Ellis, and Gurney (1929) states that in Norfolk he has 
never found it ranging beyond the reach of salt tides. Some factor other than 
reduced osmotic pressure must be concerned here. J. baltica, which reaches 
a salinity of 15 parts per thousand in the Elbe, is present on the sands, but not 
in the Creek. 

The nudibranchs Alderia modesta and Limapontia capitata were found 
at Aberlady by Nicol (1935), but none has ever been found in New England 
Creek. 

It is unfortunate that a wider study could not have been made of the fauna 
of the River Roach and the Maplin Sands, the former especially seems to have 
been scarcely investigated at all, and a comparison of its fauna in more detail 
with that of New England Creek would probably prove profitable. The fauna 
of the river in itself would be interesting in view of the high salinity. 


(d) The plankton. 

Plankton collections were made with two ends in view, first as a means 
of collecting the smaller fauna, and second to obtain quantitative data on the 
plankton population and its variations in numbers and species throughout 
the year. It would be of interest to compare the amount of zooplankton 
in New England Creek with quantitative data obtained from other environ- 
ments, since it is usually believed that, while the number of species in brackish 
water is low, the gross productivity is as high as or even higher than that 
of other environments (Remane, 1934). 

Preliminary investigations showed that, to obtain sufficient animals for 
a satisfactory count, it would be necessary, at any rate during the winter 
months, to filter at least 1 cubic metre of water. It was impossible to collect 
and filter this volume with the time available during the winter, so that a 
plankton net was used and an attempt was made to standardize the conditions 
as far as possible with this apparatus. To make the estimations comparable 
with other work, the filtration coefficient of the net has been determined. 

A simple conical tow-net of fine silk, 100 strands to the inch, was employed. 
This had the following dimensions :— 


Inside diameter of mouth................. 44 cm. 
Area‘of mouth ian (ines cee oe eee ee 1507 sq. cm. 
Length:{silk only).,). coq sven. h cote einer 103-5 cm. 
Diameter at: top xs fs.<9.aguk oe vain to ieee 10-9 cm. 
Filtration ‘ates anus. 0s aeeecus pee cae 9084 sq. cm. 


The ratio come om area. was therefore 6. 
area of mouth 
At each visit a horizontal haul was made with this net between the points 
marked X and Y on the map. This is a distance of 1,325 metres. The net 
was towed about three metres behind a nine-foot dinghy with the uppermost 


edge of the mouth just below the surface and the plane of the opening vertical 
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to it. The net was well balanced and no difficulty was met with in obtaining 
these conditions. The haul was invariably made between 1.30 and 3.00 p.m. 
G.M.T. It took from 35-50 minutes to make, according to the direction 
and velocity of the wind. 

Thus, if a filtration coefficient of unity be assumed for the net, then 200 cubic 
metres of water were filtered with the net moving at velocities between 40 
and 70 cm. per second. 

Immediately after collection the plankton in the tow-net pot was emptied 
into a large glass jar and then the net was carefully washed with water from 
the Creek and the washings added to the original catch. The whole was 
allowed to stand for a few minutes until the animals were actively moving 
and then sufficient neutralized formalin was poured in to give a final concentra- 
tion of from 5 to 10 per cent. 

The fixed plankton was allowed to sediment for at at least a week and then 
sufficient of the supernatant liquid was carefully removed by suction, any 
floating organisms, such as medusae, being left behind. This enabled the 
catch to be stored in 300 ml. capacity honey jars. 

For counting the plankton, large nekton forms such as Idothea etc. were 
first removed and then the 300 ml. were brought up to such a volume as gave 
an appropriate concentration of animals for counting. 10 ml. samples were 
removed with a Stempel pipette (Naumann-Lund, 1923) and transferred 
to a ruled counting chamber, where the number of animals of each species 
present was determined under a binocular dissecting microscope. Each 
count was made in triplicate and the simple mean of the results used in 
calculating the number of animals per cubic metre. 

Before the results are discussed, it is necessary to consider the value of an 
ordinary plankton net as a quantitative instrument. It is clear that this 
apparatus does not filter the volume of water that might theoretically be 
expected from calculations involving only the area of the mouth and the length 
of the column of water traversed (Kokubo and Tamura, 1931 ; Steeman Nielsen, 
1935). This difficulty can be overcome by registering the amount of water 
filtered (Harvey, 1934), but in this work such an apparatus has not been avail- 
able, so that instead I have attempted to calculate the filtration coefficient 
of the actual net used. This coefficient is the ratio between the amount of 
water which would theoretically be filtered and the amount actually filtered. 
Thus a net which filtered only 1 of the water column would have a filtration 
coefficient of 6. 

On two separate occasions when the quantity of plankton has been roughly 
halfway between the maximum and minimum (ie. at points in 1936 corre- 
sponding to 13. 5. 34 and 25. 9. 34) plankton hauls were made and immediately 
afterwards the same net was suspended vertically in the boat and 1 cubic 
metre of surface-water pumped through it, the boat being allowed to drift 
meanwhile. By comparing the counts made on the two samples collected in 
this way, and on plankton hauls made immediately before pumping, it has 
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been possible to calculate the filtration coefficient of the net as very close to 2. 
It is clear that since an insufficient number of observations has been made 
to examine the results statistically, this figure can only be considered as an 
approximation. Factors affecting the filtration coefficient of nets of this type 
have been examined by Kokubo and Tamura (1931) in detail. These authors 
made a long series of comparisons between quantitative estimations of plankton 
collected simultaneously by nets and by pump and found filtration coefficients 
very much higher (e.g. over 10) than were obtained in the investigation 
described here. The coefficient is influenced by the fineness of the mesh, 
by the ratio between filtration surface and the area of the mouth, decreasing 
as this ratio increases, by the length of haul, by the speed at which the haul 
is made, and by the quantity and nature of the plankton present. Further, 
with continual use the meshes may become clogged and the filtration 
coefficient will again increase. 


TasLe XI.—Number of animals in 100 litres of surface-water of New England 
Creek compared with monthly average of animals in the same volume from 
Station L.4, Plymouth. (Harvey et al., 1935.) 


New England Creek. L4, Plymouth. 
January .... 239, 1934 
February ..... 1 1934 545 
March), se. 4 2,024 
Aprilvecce «anti: 14 2,518 
WEN orcman nc 393 3,365 
JUNO Sersisieisiete 633 2,440 
DUNO ersierts ote 2 
JULY ow etc gieres 4 2,852 
August 25.4.5 318 4,963 
ALUSUSU Mie iste 137 
September ... 102 4,818 
Octobertne ia: 25 1,839 
November .... 5 1,338 
December..... 45 736 
January .... 10 1935 
February ..... 16 
Maroh@en. sen 47 


The net used in this work was not as fine as that used by Kokubo and Tamura, 
since it was 100 strands to the inch compared with theirs of ‘ Miillergaze ’ 
no. 25—probably 200 strands to the inch ; on the other hand, the ratio between 
filtration surface and area of mouth was lower, the length of haul longer, and 
the speed of haul greater. But the most important factor of all those increasing 
the filtration coefficient is the clogging effect of phytoplankton on the mesh, 
and it is probably the absence of phytoplankton in the Creek that enables 
the net to filter the water so efficiently ; further the net was new and at the 
time of the estimation of the filtration coefficient had been used on barely 
50 occasions, after each of which it was washed and dried as quickly as 
possible, so that the meshes were still patent. 
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The result of the determinations are given in Table XI, the numbers of 
animals in 100 litres of water being calculated for a filtration coefficient for 
the net of 2. Curves showing the composition of the catches for each month 
are given in fig. 5. 

It is difficult to obtain data for comparison with these results. Some few 
data are given by Steeman Nielsen (1935), but those most clearly comparable 
are by Harvey, Cooper, Lebour, and Russell (1935), who give a table of the 
monthly average number of animals in 100 litres of water at International 
Station L4, five miles beyond Plymouth breakwater, for the year 1934, 
compared with results obtained by Lohmann in Kiel Bay. My results are 
compared with theirs in Table XI. 

From. this table it is clear that the zooplankton production in New England 
Creek is very much less than in the sea, that of the latter being from 400 to 500 
times as great, according to the season of the year. On the other hand, the 
maxima and minima, with the exception of the minimum in New England 
Creek on 24. 6.34, coincide fairly well. The seasonal changes in abundance 
are very much greater in the Creek than in the sea, division of the largest 
monthly catch by the smallest gives the value 633 compared with 21 for station 
L4. Russell (1934) gives values similarly obtained for various stations in 
the North Sea and English Channel. His maximum figure is 218 for all animals 
and 421 for Copepods alone at Varne in the English Channel. On the whole, 
Copepods show greater seasonal changes in abundance than all plankton 
animals taken together, so that the great amplitude of the changes in New 
England Creek may partly be associated with the fact that Copepods form 
93 per cent. of the total plankton for the year. How far the result may also 
be attributed to reversals of diurnal migrations such as seem sometimes to occur 
with Calanus finmarchicus (Nicholls, 1933), to migrations to the surface for 
spawning, or to changes in the reaction of the animals to light owing to the 
high pH, it is impossible to say, since plankton hauls cannot be made amongst 
the weed. 

Even if it be assumed that vertical migrations of the magnitude found for 
all stages of Calanus finmarchicus together (Nicholls, 1933) occur also with 
the copepods in the Creek, and that the numbers in the surface half metre 
were at their minimum when the collections were made, the discrepancy 
between numbers of animals per 100 litres of water in the sea and in the Creek 
respectively is so great that there can be little doubt that as far as the latter 


is concerned the production of plankton is at the most only half that of the 
open sea. 


Part III—DISCUSSION. 

Since 1918 when Johansen produced his book on the natural history of 
Randers Fjord, a great deal of work has been done on brackish-water faunas, 
especially of estuaries, and in some cases of salt marshes. Rarely have attempts 
been made to define the conditions of the environment in any detail other 
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than by determinations of chlorinity. Exceptions to this are in the case of 
the Zuider Zee, where Ringer (quoted by Redeke, 1933) made determinations 
of the ions present; in the recent work of Nicol, who observed changes in 
salinity, oxygen content, and alkali reserve at short intervals, for some months, 
in salt pools near Aberlady ; and in the survey of the River Tees by Alexander, 
Southgate, and Bassindale (1935). 

It is commonly assumed that all estuarine and salt marsh pools are of 
necessity dilute sea-water and that the environment is completely characterized 
as to its salt content by determinations of the chlorinity. This is due to a variety 
of causes, the main being the striking diminution of the number of species as the 
salinity falls, the minimum being between 5 and 8 parts per thousand salinity, 
and then the gradual increase in number of species as the fresh-water animals 
invade the environment (Remane, 1933). This fact, shown first by Johansen 
and recently in more detail by Alexander et al. for estuaries, and by Nicol 
(1936) for brackish-water lochs, is in itself sufficiently exciting to attract 
a large amount of attention, and, when coupled with the work of Schlieper 
and his school, clearly shows that, at any rate in estuaries, osmotic pressure 
is a primary factor in determining the number and nature of the species present. 

The water of an estuary tends to approximate closely to dilute sea-water, 
since the supply of salts in the correct proportions being renewed twice daily 
and a varying amount of sea-ward flowing river water being carried away 
each ebb, conditions make for constancy in composition, especially in the 
absence of large quantities of sewage or factory effluent. Thus it is possible 
to classify an estuary into zones of different salinity and allot the fauna to its 
correct ranges. Classifications of this type have been made by Redeke (1933), 
Remane (1934), Stammer (1928), and others, and on the whole agree fairly 
well. 

When I started work on New England Creek, there was every reason to 
suppose that these conditions would not hold to the same extent. Here there 
is no renewal, there seems to be no seepage from the river, and the sea-water 
originally enclosed is concentrated or diluted at the dictates of the weather. 
Further, most of the catchment-area is ex-saltings and the water collected 
would probably be by no means pure. Another great difference is the enormous 
quantity of vegetation—a factor not met with in estuaries. These facts in 
themselves suggested that the Creek could not safely be regarded as diluted 
sea-water and stimulated a more thorough examination of the environment. 
The chemical and physical results obtained do not provide as much informa- 
tion as was hoped, but, in addition to salinity, there are many other factors 
in this environment which are worthy of consideration. 

Historical factor—In an environment of this type, the historical factor 
would be very important in determining the fauna. Even in cases where 
a new canal is cut this may be of considerable significance—for instance, the 
Kiel (Nord-Ostsee) canal took forty years to attain its full complement of 
fauna (Remane) and New England Creek has only been dammed for nine. The 
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colonization of a new environment will, therefore, only take place after a latent 
period. In the case of the Creek, the original fauna, derived from the River 
Roach and the Maplin Sands, would have unique opportunities for multi- 
plication, especially as the environment might be expected to remain fairly 
similar to its original one for some time, since the maximum change in salinity 
gives an approximate fall of only 2 parts per thousand per annum. The fact 
that in this case the final damming took place in July, when the fauna of the 
River Roach would be near its numerical maximum, probably ensured that 
a fairly large number of animals and species from the river were imprisoned 
and, owing to the peculiar nature of this river, they would be mainly marine. 
Thus the pioneers would be initially at an advantage, but soon they would 
be menaced by changes in environment and by invasions of organisms from 
outside brought in by wind, by feet of birds, and possibly by man. So that 
in the transition stage the area would become more thickly populated, and this 
would be accompanied by the increasing domination of certain species which 
happened to fit the conditions at that particular time, leading to a climax 
formation. This is very important, since the dominance of a single species 
may depend upon the time of its introduction and upon the number of indi- 
viduals present at that time, and this dominance of a climax form may prevent 
the establishment of another form. In the case of New England Creek, the 
climax form in the plankton is Acartia bifilosa, in the nekton either Idotea 
viridis or Gammarus locusta, and in the mud Mya arenaria. 

The risks of invasion from outside are at a minimum in this environment, 
since there is no open communication with the sea or river, and invaders must 
be either winged insects or be brought in by birds, wind, and possibly spray, 
eels, farm animals, or man. 

Absence of tides.—The absence of tides may be a factor limiting the survival 
of marine forms in the Creek. In the case of Littorina littorea, Wright (1936) 
suggests that during development this animal must leave the water and that 
constant immersion retards or prevents reproduction in the widest sense. 
This limitation may also apply to Carcinus maenas, since it is generally 
recognized that only small forms are found in non-tidal waters. 

Alterations in ionic composition.—In discussing the effect of alterations 
in the ionic composition of the ambient medium upon the organisms, many 
difficulties at once arise. As Pantin (1931 a, p. 461) has pointed out, the 
conditions between the protoplasm of an organism and the external medium 
may be represented diagrammatically thus :— 

Protoplasm. | Body fluid. | External medium. 
Membrane. Membrane. 

So that, first, we have the fact that salts in solution may exert physiological 
action without penetrating into the interior of the animal, solely by altering 
the state of the membrane bounding it—for instance, by radically altering 
the permeability. Second, they may penetrate the outer membranes and enter 
the blood or body fluid and there exert their influence on the membranes 
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of the cells, or, third, they may penetrate the cells and influence the behaviour 
of the cytoplasm itself. These effects may be profoundly influenced by the 
hydrogen-ion concentration of the medium. 

Thus we havea complex of interdependent variables whose effects can only 
be very artificially isolated for purposes of discussion. Changes in the perme- 
ability of the outer membranes are intimately associated with the power of 
marine animals to withstand reduction in the osmotic pressure of the outer 
medium : the first problem, then, is to estimate as far as possible the effect 
of changes in the ionic concentration of the outer medium upon the perme- 
ability of the body surface to salts and to water. 

It seems, from the work of Bethe (1929, 1934 a) and of Pantin (1931 b), 
that the surfaces of marine animals are permeable to salts and to water, but 
that this permeability may differ quantitatively from species to species. 
Bethe (1929) showed that while Aplysia came into equilibrium with solutions 
of the salts found in sea-water, but of different ionic composition, within 
24 hours, Carcinus maenas took several days under similar conditions. 

Therefore, in an environment such as New England Creek, where there 
will tend to be a series of minor fluctuations in the environment, super- 
imposed upon the major ones described above, an animal like Carcinus will 
undergo less change in its inner medium. It is clear from the work of Beadle 
(1934) on Gunda and of Ellis (1933) and of Beadle (1937) on Nereis diversicolor 
that calcium ions are necessary for the preservation of an adequate degree of 
impermeability of the ectodermal membrane, but not of the individual cell 
membranes. The recent work of Fukuda (1935) shows that antagonism 
between two ions, e.g. Na/Ca or Na/Mg may have very different effects on 
permeability according to the ratios present. Working on the eggs of Antho- 
cidaris and Pseudocentrotus, Fukuda showed that addition of calcium chloride 
to a solution of sodium chloride first decreases the permeability, but that, as 
the addition is continued, the permeability increases to a maximum and then 
falls again. Addition of magnesium had a similar effect, but magnesium 
and calcium together were not tried. The proportion of calcium in New England 
Creek would, according to these results, tend to decrease the permeability, 
as would also that of the magnesium. The molar ratio Na/Ca-+Mg in sea-water 
is 100/14-15 and in the Creek 100/143. Lucké and McCutcheon (1932) state 
that for their natural medium, sea-water, unfertilized Arbacia eggs have their 
lowest possible permeability to water. There is no evidence that the same 
holds true of cells in general, and it seems that the changes in composition 
of the water in the Creek are unlikely to result in a pronounced increase in 
permeability of the outer surfaces of the animals therein. 

The most detailed study of the effects of different cationic ratios on whole 
animals is that of Pantin (1926 a, 1926 6) on marine Amoebae. This author 
showed that potassium had a specific action in increasing the velocity of 
amoeboid movement, which in mixtures of NaCl, KCl, and CaCl, was at its 
maximum at Na/K=50, approximately that of sea-water. In New England 
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Creek the ratio Na/K—40 and the difference is not likely to have any profound 
physiological effect. 

Calcium is specifically necessary in small quantities for amoeboid movement. 
In excess, calcium will also stabilise the cell surface, but only in sufficient 
concentration to inhibit movement by causing increased viscosity in the 
ectoplasm. It appears that Mg will stabilise the cell surface while exerting 
no harmful physiological effect and will prevent the penetration of calcium 
into the cell. Thus an antagonism exists between magnesium and calcium, 
and the reduction in the amount of magnesium and increase in calcium in New 
England Creek will work in the same direction and may have a slightly 
deleterious effect on protozoa present. 

Although the surfaces of marine invertebrates are permeable to salts and 
water, there are a number of forms, e.g. Carcinus maenas (Bethe, 1934 a), 
which, in sea-water, are able to maintain an inner medium approximately 
isotonic with the external medium, but differing from it radically in ionic 
composition. Other forms, e.g. Aplysia, have a body fluid of approximately 
the same composition as the outer medium. Thus a ‘steady state’ exists 
between the salts in the inner medium of forms like Carcinus and those in the 
outer medium. The mechanisms for the maintenance of the equilibria are 
not understood. The difference between Carcinus and Aplysia may not be 
due entirely to the presence of a hard exoskeleton of lower permeability, since 
the work of Bethe (1934 a) showed that alterations of concentrations of salts 
in the outer medium induce corresponding changes in the inner, e.g. doubling 
the concentration of calcium outside will cause a large rise in calcium in the 
blood of Carcinus. It can, therefore, be assumed that the changes in ionic 
ratios in New England Creek have caused corresponding changes in the body 
fluid of the inhabitants. 

The cell membrane appears to behave during life as if it were semi-permeable, 
although it allows passage, at least at certain times, to dissolved substances. 
In the case of neutral salts of alkali and alkali earth metals, there is little 
or no evidence of penetration in balanced solutions. In pure solutions the 
salts alter the properties of the plasma membranes and secondarily may 
penetrate (Lillie, 1923). The composition of New England Creek probably 
does not differ from sea-water sufficiently to induce the composition of the body 
fluids of coelomates to change radically from that of a balanced solution, 
but effects on plasma membranes alone may exert a profound physiological 
influence on the animals. Bethe (1929) showed that on approximately 
trebling the calcium in sea-water, there was a rise in calcium in the blood of 
Carcinus and Aplysia which caused the animals to become very excited, with 
an increase in tonus and an exaggeration of reflexes. This result is in the 
opposite direction from that obtained by excess calcium in vertebrates, and is 
difficult to correlate with the effect of slightly increasing the calcium in the 
perfusion fluid of the isolated crustacean heart, which leads to slowing, and, 
if the excess is sufficient, to stoppage in diastole (Hogben, 1925 ; Wells, 1928). 
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Bethe found that raising the magnesium content acted in the opposite direction, 
inducing ‘magnesium narcosis’. In New England Creek the Na/Ca_ ratio 
compared with sea-water is 100/3-2 instead of 100/2-3 and of magnesium 100/11:15 
instead of 100/11:80. The alterations in these ratios would work in the same 
direction, i.e. would increase the irritability of the invertebrates and may, 
therefore, be of some ecological importance. Bethe (1934 6), in a paper on 
the antagonism between potassium and sodium, showed that, while addition of 
potassium to solutions of sodium salts had a detoxicating effect in the case 
of Praunus flecuosus and Carcinus maenas, it increased the toxicity for Gobius 
from the same environment. Calcium antagonized sodium in the case of 
Gobius, but had no effect on the reaction of the two Crustacea. These 
differences cannot be generalized as being between invertebrates and vertebrates, 
since Daphnia, Gammarus, and Arenicola showed similarly various reactions 
(references given by Bethe). Since this is the case, it is quite unprofitable 
to discuss the ultimate physiological effect of the changes in ionic composition 
on the fauna as a whole, as we do not know the individual responses of all 
the animals present. 

With regard to the anions, Bethe showed that alterations in Cl content 
of the outer medium caused corresponding changes in the body fluid, and 
Quinton (1900) found that an increase in phosphate had similar results. Thus 
in New England Creek there will be an abnormal phosphate content of the body 
fluids of the coelomate invertebrates, which might cause changes in the calcium 
metabolism. There is more phosphate in the Baltic than in the sea, up to 
152 mg./M$ (Brandt quoted by Oppenheimer and Pincussen, 1927), and perhaps 
the reduction in size of the Lamellibranch shells can in part be attributed 
to this cause. 

High pH.—According to Carpenter (1928), animal life is richest in waters 
of slight alkalinity and seldom occurs at all below pH 4:7 or above pH 8:5. 

In an environment of the type here investigated, the hydrogen-ion concen- 
tration depends upon several factors, of which the two chief are the relationship 
between the calcium content and dissolved carbon dioxide on one hand, and 
the concentration of acid products of metabolism and decay on the other. 
Tf these latter form stable salts with calcium, then they will remove this cation 
from the buffer system. 

The exact equilibrium reached by the calcium-bicarbonate-carbonate system 
depends upon the CO, tension of the atmosphere ; the sources of CO, in the 
system ; the availability of a supply of calcium carbonate, e.g. as chalk and 
calcareous shells in the water; physico-chemical factors such as variations 
in temperature and salinity and biological effects due to respiration, photo- 
synthesis, and the extraction of carbonates by animals with calcareous shells. 
Thus the actual pH attained can hardly be regarded as an isolated biological 
factor, but rather as the resultant of the interplay of many factors, each of 
which alone may be of considerable ecological import. The effects of a high 
calcium content have been discussed above, 
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Correlated with the rise in pH itself, the most striking result of the chemical 
investigations in this field is the great diminution in free carbonic acid. 
At pH 9:1 it appears that the photosynthesis of Ulva and Enteromorpha 
ceases (Legendre, 1925), but Atkins (19226) showed that a pH of 9°7 could be 
reached by Ulva and of 9:4 by Ceramium isolated in sea-water. This degree 
of alkalinity did not prove injurious to Ulva, but the permeability of the 
superficial cells of Ceramium rubrum was irreversibly and fatally increased 
after 24 hours’ exposure. 

It appears, therefore, that a low carbon dioxide tension may result in a 
suppression of photosynthesis in certain plants which are unable to obtain 
their carbon dioxide by dissociation of bicarbonates, and that some species 
may be destroyed by comparatively short periods of high pH. On 26. 8. 34 
the pH at 11.00 a.m. G.M.T. was 9-5 and rose to 9.8 at 2 p.m., falling to 9.7 
at 4 o’clock. Thus this factor is probably of considerable significance in 
relation to the plant-life in the Creek. Since animal membranes appear to be 
very permeable to carbon dioxide, the loss of this gas from animal organisms 
will be extremely rapid at a high pH. There is no evidence that this is harmful 
to metabolic processes in general, but it is conceivable that the absence of 
carbon dioxide and diminution in the quantity of bicarbonates may influence 
the transport of calcium in animals with thick calcareous shells and be a con- 
tributory cause to the reduction in size commonly found in brackish-water 
animals ; on the other hand, the tendency for the shells to redissolve will be 
reduced to a minimum. : 

The early work on the effects of different hydrogen-ion concentrations on 
various physiological processes has been reviewed by Legendre (1925). There 
seems to be a general opinion that permeability increases with rise in pH, 
i.e. with increasing alkalinity, and ionic antagonisms are apparently greatly 
influenced by the reaction of the outer medium (Pitts and Mast, 1934), but 
cilia of Mytilus (Gray, 1924) and marine amoebae (Pantin, 1923, 1926) can 
survive pH 9-2 and pH 9-6 respectively. Movement is inhibited in the Amoebae 
by raising the pH from 9 to 10 (Pantin), but the effect is reversible if the animals 
do not remain too long in the solution. On the other hand, Vorticella sp. 
(Atkins, 1922 a) did not long survive pH 9-4 and Carcinus maenas died within 
36 hours when kept at pH 9-0 (Bateman, 1933). 

Labbé (1924) considered that hydrogen-ion concentrations in the region 
of pH 8-5 constituted a critical zone for most animals, so that above this pH 
very few survived, but it is clear that pH 8-5 is not as critical a zone as he 
suggests. This figure may be greatly exceeded (Beadle, 1932; Ohle, 1934) 
and yet the habitat support a considerable fauna, but there seems no doubt 
that when the reaction of an environment reaches and exceeds pH 9-0, if this 
degree of alkalinity persists for any length of time, there will be a progressive 
elimination of species in order of their sensitivity. 

Apart from the directly lethal effects upon the animal, tropisms, especially 
phototropism, may be reversed or abolished by high alkalinity (Rose, 1924). 
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This may have a definite ecological bearing. Again, spermatozoa and ova 
may be adversely affected while adult animals are not, in which case certain 
species will disappear from an isolated habitat such as the Creek, since they 
are unable to breed. Labbé (1923) showed that at pH 8-5 the penetration 
of the spermatozoa of certain Annelids and Nemerteans is completely 
inhibited. 

The high pH reached in New England Creek between June and November 
1934 may, therefore, have had important ecological consequences. It has 
already been suggested that the elimination of the Actiniarians, Diadwmene 
cincta and D. luciae, may be attributable to this cause. 

Trace elements——There is increasing evidence, especially in modern work 
on mammalian nutrition, that the availability of very many elements in trace- 
like proportions is essential for the physiological well-being of the animal. 
The work of Ramage has shown that a great number of elements occur in the 
animal organism and may be selectively concentrated by different organs 
(Ramage and Fox, 1931). It well may be that the presence of traces of such 
substances in the ambient medium is of great ecological importance, and that 
there is an optimum range of concentration below which the animal will 
suffer through deficiency and above which the effect becomes increasingly 
lethal. Such may be the case with copper and zinc, for example. It is probable 
that effects of deficiency will be unimportant when marine animals are immersed 
for short periods in sea-water diluted with distilled water, but, if an environ- 
ment is deficient in these elements, the effect on development and size of the 
inhabitants may possibly be profound. 

In this work iron is the only trace element that has been estimated, and, 
even so, the state of the iron in the water has not been determined ; but, since 
there was a fall in iron content from 6 to 1:6 mg. per cubic metre between 
16. 12. 34 and 17. 3. 35, it is probable that at times during these three months 
the water was saturated with an iron compound, possibly hydroxide or 
sulphide. Reid (1929-30) showed that when Arenicola marina was exposed 
to a suspension of ferric oxide in sea-water, the oxide was caught and retained 
by the mucus secreted by the worm. If the worm could concentrate the 
oxide-laden mucus, so that there was no longer a continuous layer over the body, 
then it survived, otherwise the animal died from the inhibition of respiration. 
Possibly, therefore, the continual precipitation of iron compounds for a period 
of three months would be definitely harmful to the fauna, especially perhaps 
to animals secreting large quantities of mucus. It is important to note that 
this effect is due to the physical properties of the oxide and that substances 
of similar physical -porperties act in a similar manner. A very high con- 
centration of ferric oxide is necessary to make sand repellent to Arenicola, 
so that it is probable that animals in burrows would survive the precipitation. 

It is unfortunate that sulphides have not been estimated, since sulphide 
is known to be toxic to fish, e.g. Brown Trout (Longwell and Pentelow, 1935). 
These authors showed that 0-06 parts of sulphur as sulphide per 100,000 parts 
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of water is the threshold concentration for toxicity to Salmo trutta. Sulphide 
solutions were much less toxic at high pH values than at low values, suggesting 
that the toxicity is increased by the formation of free hydrogen sulphide. 
Since the water of the Creek sometimes smells strongly of this gas, the con- 
centration may exceed the threshold for toxicity and thus prove a factor of 
importance, causing the absence of some species from the environment. 

Reduction in osmotic pressure.—The main limiting factor in the penetration 
of marine animals into water of lowered salinity is almost certainly the reduction 
in osmotic pressure of the outer medium. While other factors undoubtedly 
exist, resistance to this change is the most important (Schlieper, 1935 ; 
Remane, 1934). 

For the purpose of discussing the physiological reactions to this factor, 
it is expedient to divide marine animals into four groups, namely, Protozoa, 
acoelomate invertebrates, coelomate invertebrates, and vertebrates. The 
processes of osmo-regulation are not necessarily fundamentally different in 
these groups, but our present knowledge on this subject is insufficient to permit 
of wide generalizations being made. 

The cell membranes of marine Protozoa are permeable to water, but 
relatively impermeable to salts (Pantin, 1931; Kitching, 1936). Marine 
Amoebae can stand dilute sea-water down to a dilution of 2in 10. They react 
at first to the lowered osmotic pressure by swelling, but later recover (Pantin, 
1923). Ciliates react in a similar manner, but compensate against the increased 
water inflow by increased activity of the contractile vacuole, and Kitching 
suggests that in brackish water this structure may control the volume of marine 
Peritricha. There is also some salt loss to the exterior. The contractile 
vacuole was inhibited by cyanide, indicating that vacuolar activity derives 
its energy from a respiratory oxidative mechanism. 

Coelenterates have not been investigated to any great extent, but several 
forms are known to penetrate into brackish water. Macallum (1903) investi- 
gated the salt concentration of fluid expressed from certain medusae and showed 
that the ionic composition varied very considerably from sea-water—for 
instance, in Aurelia flavidula there was 40 per cent. more potassium than in 
the surrounding medium. Similarly, the chlorine content was higher than in 
sea-water. In brackish water, while lower than in sea-water, it was maintained 
at a relatively still higher level than in the outer medium. Hence Macallum’s 
results show that some medusae are able to continue to live with internal 
salt concentrations lower than they usually have in sea-water, but that at the 
same time there is some mechanism maintaining an internal concentration 
of salts higher than that of the surrounding medium. 

In the case of Procerodes ulvae the tissues appear to be permeable to salts 
and to water, so that in dilute sea-water salts are lost and water is simultaneously 
taken up by the worm. The worms are able to survive when the internal 
concentration of salts is probably of the order of 6-10 per cent. of the original 
concentration in sea-water (Pantin, 1931). With increased hydration there 
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is a rise in oxygen consumption (Beadle, 1931), but how far this is related to 
activity of the osmo-regulative mechanism is doubtful (Beadle, 1937).. 

The osmo-regulation of coelomate invertebrates and of vertebrates in its 
importance to the distribution of animals has been extensively discussed 
by Schlieper (1930, 1933, 1935), and the possible means by which marine 
invertebrates could survive passage into brackish water has recently been 
carefully summarized by Beadle. It seems that the body surfaces of marine 
invertebrates are permeable to salts and to water, but that the degree of 
permeability differs in different animals, e.g. Maia verrucosa >C. maenas > 
Eriochewr sinensis, and the work of Bethe (1934) shows that the outer membranes 
of brackish-water invertebrates are generally less permeable to salts than 
those of marine invertebrates. Also, the permeability varies at different 
times during the life of an animal. Crustacea, for instance, exhibit a greater 
degree of permeability about ecdysis and when producing eggs. 

In spite of this permeability, the osmotic pressure of the body fluids of many 
marine invertebrates differs slightly from that of the surrounding medium, 
and the molar concentration of the various ions, cations particularly, may 
be very considerably lower, e.g. Mg—or rather higher than in sea-water. Thus 
in many organisms there is present at all times some regulatory mechanism 
governing diffusion of ions inwards and outwards and maintaining a more 
or less ‘ steady state ’. 

When a marine invertebrate is transferred to diluted sea-water, there is 
a fall in the osmotic pressure of the inner medium owing to the permeability 
of the body-surfaces to water. This is not necessarily fatal, since it is suggested 
that there is a minimum salt concentration necessary for life and that normally, 
in sea-water, this is greatly exceeded. Some animals, such as Asterias rubens, 
which lives in the Kieler Bucht at a salinity of 14-17 parts per thousand, 
submit passively to these changes, but in the majority of euryhaline forms, with 
a falling internal osmotic pressure, a resistance to the continued inflow of water 
is generated and the permeability of the surface falls. This decrease in perme- 
ability may be in part due to loss of salts outwards and hence a reduction 
in the osmotic gradient, but it is usually accompanied by a rise in oxygen 
consumption, which increases to a maximum and then falls gradually while 
remaining permanently higher than in sea-water. But Beadle (1937) has 
shown, first, that decreased permeability is not the only factor controlling 
inflow of water, and, second, that increase in oxygen consumption is not of 
necessity directly connected with activity of an osmoregulatory mechanism. 
Beadle suggests that secretory activity of the excretory organs is the main 
factor. om 

In Carcinus maenas a similar process takes place, except that there is little or 
no rise in weight, since the hard carapace prevents swelling (Bethe, v. Holst and 
Huf, 1934). There seems, therefore, to be a reduction of permeability of the 
body-surfaces of euryhaline animals brought about by a mechanism stimulated 
into activity either by a reduction of the internal osmotic pressure or by 
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increased hydrostatic pressure, e.g. Carcinus maenas (Bethe et al., 1934) or by 
a combination of both. The activity of this mechanism involves a rise in 
oxygen consumption, which would not be the case if simple reduction in the 
osmotic gradient were the sole factor. Furthermore, many euryhaline inverte- 
brates become more or less homoioosmotic in dilute sea-water and maintain 
an ionic composition in their body fluids higher than that of the surrounding 
medium. It is likely that a further mechanism is involved and recent work 
suggests that this is the excretory system. Rapid change in osmotic pressure 
is more lethal than gradual change, so that a low permeability is of great 
advantage. It is probable that, with a large uptake of water, great activity 
of the excretory system is induced, but insufficient to deal with the initial 
inflow until the permeability falls, when a balance is set up between water 
uptake and output and the animal attains a new equilibrium. This mechanism 
would involve the excretion of urine hypotonic to the blood, and, while this 
is common in fresh-water animals, there seems more doubt about its existence 
in marine animals transferred to brackish water and in the case of C. maenas 
actual disagreement exists between Schlieper and Bethe. Bethe e¢ al. (1934) 
in his most recent work showed that this Crustacean probably did produce 
urine hypotonic to the blood, a fact denied by Schlieper and by Nagel (1934), 
who believed that the cells of the gill of Carcinus could take up salts from 
an outer medium hypertonic to the body fluids and pass them into the blood. 
If this is so, the mechanism enabling C. maenas to penetrate into brackish 
water differs fundamentally from that postulated by Beadle for N. diversicolor. 
Possibly, therefore, other organs may be able to function so as to cause, in the 
long run, the same physiological effects as would be produced by the secretion 
of urine of lower and different salt concentrations from those in the blood. 

Clearly, in the majority of marine euryhaline invertebrates, the faculty of 
penetration into brackish water depends upon an ability to survive a lower 
molecular concentration of the body fluids than they possess in sea-water, 
and upon their possession of a mechanism enabling a degree of homoioosmo- 
ticity to be attained. This mechanism consists of at least two processes, 
a change hindering the dilution process and another involving work (see 
Bateman, 1933). 

The osmotic pressure of the blood of marine Teleosts is usually below that 
of sea-water, and in this environment stenohaline and euryhaline species are 
indistinguishable as far as the osmotic pressure of the blood is concerned, and 
closely related forms may fall into either of these categories. For example, 
in the case of marine blennies, Blennius pavo can enter fresh water, B. pholis 
enters brackish but not fresh water, B. tentacularis and B. gattorugini are 
confined to sea-water (Schlieper, 1935). According to Keys (1933), regulation 
toward an osmotic pressure of the blood lower than that of the surrounding 
medium is performed by the chloride-secreting mechanism of the gills, while 
regulation in the opposite direction, i.e. to maintaining a blood osmotic pressure 
higher than that of the environment, is due to the fact that euryhaline teleosts 
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possess kidneys capable of copious filtration and effective salt conservation. 
When a marine fish is transferred to dilute sea-water, there is first a passive 
response during which the weight rises owing to uptake of water and then the 
active mechanism intervenes and the water content of the animal becomes 
close to the original content before the transfer. Thus there is an apparent 
similarity between these phenomena in euryhaline coelomate invertebrates 
and in euryhaline Teleosts. 

So far, the differences between related stenohaline and euryhaline forms 
are not clear, but it is possible that these may be correlated partly with the 
filtration powers of the kidneys and also with the permeabiltiy of the body- 
surfaces (Gueylard, 1924). 

The problems of fresh-water animals invading brackish water are very 
different from those of marine animals. Schlieper suggests that fresh-water 
animals have an excretory mechanism which functions normally only with 
large quantities of water containing little salts, and that an increase in salts 
has a deleterious action upon the elimination of nitrogenous waste by 
diminishing the amount of water passing through the organism. In the case 
of New England Creek the invaders at the moment seem to be insects. 

Thorpe (1927) divides aquatic insects into two classes according to their 
methods of breathing :— 

1. Forms breathing dissolved oxygen either directly through the cuticle 

or by means of some form of gill ; 

2. Those forms breathing atmospheric oxygen direct by means of spiracles ; 


and points out that since the cuticle of the former group must be very much 
thinner, at any rate in some places, than in the latter, one would expect the 
first group to be more sensitive to alterations in the outer medium. While 
Thorpe considers this is so to some extent, he nevertheless shows that Corixidae 
are among the insects most sensitive to changes in salinity, although belonging 
to the second group, and the larvae of the Chironomid midges, members of the 
first group, tolerate great and sudden changes in salt content of the water. 

The adaptation of larvae of Aedes argenteus to salt water has been studied by 
Wigglesworth (1933). Larvae reared in fresh water are killed by ‘ sea-water ’ iso- 
tonic with 1-3-1-4 per cent. NaCl, but, by gradually increasing the concentration, 
can be made resistant to ‘sea-water’ equivalent to 1:75 per cent. NaCl. Newly 
hatched larvae develop at about the normal rate up to a concentration 
equivalent to 1-1 per cent. NaCl. Physiological adaptations are shown in the 
cells of the gills and epithelium of the gut, and Wigglesworth suggests the 
possibility that the Malpighian tubes excrete a more concentrated urine and 
that the reabsorptive activity of the rectum is increased. This animal appears 
to be homoioosmotic in salt water. 

Thus the basis of euryhalinity of an animal is to be found in the presence of an 
osmoregulatory mechanism. This applies to all adults and to insect larvae, and 
is undoubtedly a factor of considerable importance in determining the presence 


of animals in estuaries or habitats which can easily be entered by adult animals 
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which have passed their developmental stages elsewhere. In an isolated environ- 
ment such as New England Creek, although there will be a few invaders, 
especially insects, which live there temporarily as adults, the presence of the 
majority of animals depends upon their power of breeding in this environment. 

The factors dealt with above, especially those applying to cell-membranes, 
will affect equally the eggs of the species present. While a primary selection 
from the original inhabitants and from invaders would be made by the elimina- 
tion of adult stenohaline forms and forms unable to withstand the chemical 
changes described, it is possible that eggs and larvae of resistant forms might 
not themselves be resistant. Permeability of outer membranes of eggs to salts, 
for instance, may be a limiting factor. 

The importance of salts for early embryological development has been dis- 
cussed by Needham (1930), who suggests that marine invertebrate embryos 
may depend largely on the salts of sea-water for their supply of inorganic matter, 
there being an increase of ash in, for example, Strongylocentrotus lividus during 
development. Therefore, fresh-water and brackish-water animals must produce 
eggs with sufficient ash for development if the concentration of salts in the 
environment is low. Some forms, e.g. Palaemonetes varians, produce different 
sizes and numbers of eggs in different environments. This form in the marine 
littoral produces about 300 eggs of 0-5 mm. diameter, while in low salinities 
it produces about 25 eggs of three times the size (Carpenter, 1928). Needham 
also stresses the importance of an adequate supply of phosphate, which may in 
many cases be a limiting factor. This is not so in New England Creek, but 
reduction of salt concentration is clearly important. 

Finally, it has been shown that, while many animals, as adults, are 
euryhaline in the extreme, e.g. Hriocheir sinensis, the ovigerous females are so 
no longer and are not only incapable of breeding in water of low salinity, but 
lose their power of osmotic resistance as well and succumb as would stenohaline 
marine forms in the same environment (Schlieper, 1935). 

If the literature on the distribution of animals in salinities lower or higher 
than that of their normal habitat is studied as a whole, it is found that very 
little distinction is drawn between euryhaline species, i.e. morphologically 
identical animals with a distribution extending over a wide range of salinities, 
and species which consist of euryhaline individuals. In the first case, although 
the animals are morphologically identical, it is possible that there may be 
considerable physiological differences in the reaction of groups from different 
habitats to changed salinity. 

Oxygen.—As has been stated above, the results of many workers show that 
the oxygen requirements of euryhaline marine animals increase when the 
animals are transferred to water of lower salinity and resistance to reduction 
in osmotic pressure is, in part at least, dependent upon an adequate oxygen 
supply. Probably there is a progressive increase in the oxygen requirements 
of animals as the environment changes from marine to fresh water, whether 
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the environment is their natural habitat or whether they are marine organisms 
penetrating into fresh or brackish water. Fox and Simmonds (1933) have shown 
that the oxygen consumption of fresh-water arthropods may be 1} or more times 
as great as that of closely related marine species of like size, measurements being 
made in each case in water similar in composition to that of their original 
environments. 

The results of the oxygen determinations made during the investigation 
recorded here show that oxygen lack is unlikely to be a limiting factor in New 
England Creek. 

Temperature.—The annual temperature range of the surface-water of the 
Creek was from 3°C. to 21°C. compared with 9° C. to 17°C. in the English 
Channel (Cooper, 1933). Thus the amplitude of the annual change in tempera- 
ture was more than twice as great as in the open sea. 

Changes in temperature alone may have considerable ecological importance 
in influencing the reaction of animals to alterations in the osmotic pressure 
of the environment, since Giard (1900) has shown that Gasterosteus aculeatus 
can only survive repeated direct transferences from salt to fresh water and 
vice versa when the temperature is kept fairly constant. But the most drastic 
physiological effects of temperature will be felt at either end of the range and 
it is important to decide whether either the upper or lower limits reached in 
New England Creek are likely to exercise selective or other actions on the fauna. 
A large amount of the work done in this field has been summarized by Bélehradek 
(1935), from whose book the data used in this discussion are taken. The toxic 
action of many substances is influenced by temperature, but not always in the 
same direction. In some cases a rise in temperature causes an. increase, in others 
a decrease, in toxicity. The wide range of temperature in the Creek will there- 
fore enhance the harmful effect on the fauna of hydrogen sulphide or any other 
toxic substances present. Again, rising temperature seems to cause, in general, 
a decrease in cell size and in body size of higher organisms. Since the highest 
temperatures were reached in the Creek during the months when reproduction 
of the fauna was at its maximum, this factor is probably important. 

Temperatures above 0°C. may cause the arrest of a given protoplasmic 
function by cold, without the formation of ice. The temperature at which 
this occurs is called by Bélehradek the * biological zero’. More or less dependent 
upon this is the * temperature minimum ’, that ‘ temperature at which an ora, 
ism still can or just cannot live on in an active state ’. The ‘ biological zero 
may vary very considerably from animal to animal. For instance, soe eo 
and development, it is 6°C. for Gasterosteus aculeatus and —1-8°C. for 
Pleuronectes flesus, both forms found in the Creek. . Thus oe temperature 
in New England Creek may fall well below the ‘ biological zero ’ of some of the 
inhabitants for periods of at least a month, which would tend Asa 
the reproduction or activity of forms with a high ‘ biological Zero. for any, 
fundamental protoplasmic process, while those with a low ‘ biological zero 
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will be unaffected and will probably thereby have a greater survival value. 
Similarly, animals with high temperature optima for growth and reproduction 
would be at an advantage. 

It is possible that the high summer temperatures in the Creek would themselves 
raise the optima, since Davenport and Castle (1896) showed that individual 
organisms, both Protozoa and Metazoa, have the capacity of becoming adapted 
to high temperatures which normally would be fatal. Thus in their experiments 
tadpoles kept at 25°-26° C. instead of 15° C. only went into heat rigor at 43-5° C., 
whereas the controls, at 15° C., died at 40-3° C. This effect persists a considerable 
time after the individual has been restored to a lower temperature. 

If this phenomenon of individual acclimatization occurs generally in all 
aquatic organisms, then the effect of a wider temperature variation, such as 
was found in New England Creek, cannot be of any great selective value. 
On the other hand, if the power of individual acclimatization is confined 
to some species or to some individuals of a species, then a large variation in 
temperature would prove a selective agency of profound importance. 

Salt content of the outer medium alone may affect temperature optima. 
Steiner (1934) has shown that, for the heart beat of Limnea stagnalis and 
Clavellina lepadiformis embryos, there is a salt concentration at which the 
temperature optimum is at a maximum. Alteration of the concentration of 
salt in either direction might cause the temperature optimum to be lowered 
as much as 3-5° C. These results suggest that there might be a definite retarda- 
tion of biological processes of invaders from either sea or fresh water, which 
penetrated into brackish water. 

Rate of change of environment.—Finally, the rate of change of physical factors, 
e.g. temperature and salinity of the environment, is important. Most experi- 
mental work in the laboratory necessarily involves comparatively rapid change 
and in many cases an animal is transferred directly from normal sea-water 
to 50 per cent. sea-water, or some similar experiment is performed. Such 
rapid changes do occur in nature (Nicol, 1935), but in the majority of cases 
this isnot so. In New England Creek the changes have been far more gradual. 
The salinity, for example, has fallen on an average less than 2 parts per thousand 
per annum, and in 1934 it took six months to rise from 21-8 to 27-9 parts per 
thousand, i.e. 6-1 parts per thousand. Such slow changes can only with 
difficulty be imitated in the laboratory, but experiments of this nature have 
been performed. Dallinger (1887) was able to acclimatize cultures of flagellate 
Protozoa, so that they could be reared at a temperature of 70° C. Beginning 
with cultures at 15-6° C., in four months he raised the temperature to 21°C., 
two months later to 23° C., and eventually to 25:5° C. For eight months the 
temperature could not be raised 0-25° C. from this point without injuring the 
animals, but after several years he succeeded in rearing the organisms at 70° C. 
Experiments of this type, involving salinity changes instead of temperature, 
show that the rate of change is of paramount importance, and that over a period 
of years many animals can be acclimatized to environments which would 
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be lethal if the transition were made even over periods of months. It is these 
slow changes that are taking place in New England Creek. 

Comparison with Widewater —As far as can be ascertained, there is only one 
description in the literature of an environment closely similar to New England 
Creek, namely that of Hillis (1932) of the Widewater, a lagoon cut off from 
the Adur Estuary at Shoreham, Sussex. Although Ellis’s description is brief, 
there appears to be sufficient resemblance between the two environments to 
justify comparison. The salinity of the Widewater was 24-9 parts per thousand 
and its pH 9-6 in June and July 1931. The vegetation consisted of Ruppia 
maritima, Ulva lactuca, Enteromorpha intestinalis, and ‘masses of Chaeto- 
morpha linum’ (p. 15). Therefore, salinity, pH, and the vegetation, with the 
exception of the presence of Ulva, which is absent from New England Creek, 
appear to be very similar. 

For comparison, fauna lists from both sources are placed side by side, types 
only being taken when both generic and specific names are given in both lists. 
Where animals of the same genus occur in both situations, they are put on the 
same line, whether the species is the same or not (Table X). 

Thus, of the 22 species listed by Ellis, twelve are also found in New England 
Creek, and in four more cases animals of the same genus but of different 
species occur in both environments. The five remaining genera are not 
represented in New England Creek: of these, two only, Actinia equina and 
Mytilus edulis, are known, to occur in the locality. The similarity between 
the two faunas is striking, especially since the historical factor must be of 
considerable importance. That is to say, the presence of species in the locality, 
to begin with, will determine to a great extent the composition of the fauna 
of areas which become isolated, since species initially present can become 
established before outside invaders appear. In both cases Hydrobia ulvae 
and Carcinus maenas are present in the neighbouring estuary, but absent from 
the lagoon. 

Ellis describes Phytia myosotis and Ligia oceanica as being present in the 
estuary, but absent from the Widewater, but both these forms are found in 
New England Creek. The shell of the Phytia and several specimens of the 
Ligia have been submitted to experts, who, in neither case, found characters 
abnormal to the species. Ligia oceanica appears to vary considerably in its 
reaction to reduction of salinity according to its natural habitat. Nicholls 
(1931) found that specimens obtained at Plymouth rarely survived a gradual 
reduction of salinity in the laboratory, down to about 60 per cent. of sea-water, 
but reported that specimens had been collected at Millport in a situation where 
they were exposed at each tide to a salinity only slightly above that of fresh 
water. It may be, therefore, that the species of Ligia oceanica as a whole 
contains individuals bearing genes which allow them to survive reduction in 
salinity, but that the frequency of occurrence of these genes differs from one 
local population to another ; thus, if different populations were subjected to 
a reduction in osmotic pressure of the water, varying percentages of individuals 
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would survive according to the different genetic constitutions of the original 
groups. Possibly, the presence of this species and also of Phytia myosotis 
in New England Creek, and their absence from the Widewater, may be determined 
by the different genetical constitutions of the original inhabitants of the area. 

The Gammarus which has been described above is a form of G. locusta, 
but differs from it in various details, while the Idothea is sufficiently different 
from I. viridis to be classified taxonomically as a local race. 

Unfortunately, very little is known about the Isopod and Amphipod fauna 
of Essex, since these orders are not usually studied by amateur naturalists ; 
it is, therefore, impossible to say whether the new forms are confined to New 
England Creek or are widespread but rare throughout the salt marshes of the 
country. Furthermore, no experimental work has been done on these animals. 
Nevertheless, the presence in the Creek of Ligia oceanica, phenotypically 
unchanged but in an abnormal environment, Gammarus locusta and Idothea 
viridis both phenotypically very different from typical members of their species, 
justifies a brief discussion of the origin of the two latter. It is possible that in 
the first case we have physiological changes without obvious structural altera- 
tion while in the two last, the morphological differences from other species 
are external evidence of physiological change. 

There are at least two possible explanations for the presence of the new 
forms of Gammarus and Idothea. First, the changed environment may call 
forth the expression of hereditary characters not normally exhibited in the original 
environment, or, second, new genetic combinations may have arisen owing 
to the effect of Natural Selection on members of the original population isolated 
in the Creek. Gordon (1936) and others have shown that in a wild population 
there is a considerable heterozygosis for autosomal recessives. This should 
be taken as an indication of the general heterogeneity of the population and would 
give very considerable scope for variation. The damming of New England 
Creek while it was still full of water would almost certainly isolate a small 
number of animals of the parent species, and the changing environment might 
act as a selective agency which would determine the survival of a limited number 
of the imprisoned animals or of their offspring. There would therefore be 
considerable inbreeding, hence a tendency for strains to be sorted out and then 
possibly further selection, eliminating some of the strains. If selection acted 
in this way, the ancestors of the present population would be few in number 
and tend to be genetically homogeneous: certain characters of the Jdothea 
have been studied, e.g. proportions of segments in 180 individuals, and do show 
homogeneity throughout the population. 

In the absence of more data, further discussion is unprofitable, but it is of 
interest to note that, if N atural Selection has occurred in this case,it has acted 
toward the production of strains which can survive a variable and unfavourable 
environment, from an original population whose habitat was almost certainly 
more stable and contained fewer external lethal factors, i.e. away from a narrow 
specialization toward a state of physiological resilience which enables its 
possessors to survive in a less stable and harsher habitat. 
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SUMMARY OF Part I. 


(1) Chemical and physical factors in a dammed Creek in south-east Essex 
are described. This Creek ran from the Yokefleet to the Maplin Sands, but 
has been completely isolated from sea and river for nine years. 

(2) The Creek was visited each month between January 1934 and April 
1935 and samples of the water collected and brought back to the laboratory 
for analysis. 

(3) The ratio of halides (Cl+ Br) to total salts was approximately 4-5 per cent. 
lower than in sea-water and the proportion of "SO, to total salts and to ‘Cl 
was significantly higher. 

(4) In comparison with sea-water the ratios K/Na, Ca/Na, Ca/K were 
increased, while Mg/Na is reduced. Ca-+-Mg/Na+K was approximately the 
same as in sea-water. 

(5) The iron content of the water was high, reaching 1125 x 10~° mg.-atoms 
per Kg. of water on 16. 12.34. There was evidence of seasonal changes in the 
iron content throughout the year. 

(6) The salinity varied from 21-5 parts per thousand in January to 27-9 parts 
per thousand in October compared with that of sea-water of 35 to 36 parts 
per thousand. 

(7) The temperature of the surface-water ranged from 3° to 21° C. at 2 p.m. 
G.M.T. 

(8) The pH showed marked seasonal variations between pH 8-2 and pH 9'8, 
the maximum being on 26. 8. 34. 

(9) The excess base was constant at 4:5 milli-equivalents per litre from 
January to July. After this the value fell owing either to precipitation or the 
production of non-volatile acids in the water. 

(10) From these data the CO,-content was calculated and proved to be so 
much reduced as to form a limiting factor to the production of phytoplankton. 

(11) There is evidence that there was no shortage of oxygen. 

(12) The cycle of decomposition of organic matter in the Creek appears to 
differ fundamentally from that in sea-water, since both nitrite and nitrate were 
present only in traces, if at all. The water charred markedly when heated 
with sulphuric acid. 

(13) Phosphate-content showed seasonal variations and reached the high 
value of 1750 mg. per cubic metre on 17. 3. 35. 

(14) Silicates also showed cyclical changes and the content was approximately 
six times that of sea-water. 

(15) The production of plant material calculated from phosphate and CO, 
consumption is greater than in sea-water, but less than in a hayfield. 


SumMaryY OF Part II. 


(1) The bottom of the Creek is sparsely but fairly uniformly covered with 
Ruppia maritima. Chaetomorpha Linum is also present in quantity. 
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(2) No phytoplankton was present in the fifteen months during which 
observations were made, except in December 1934 and January 1935, when 
the Peridinian, Prorocentrum micans, occurred in large numbers. 

(3) Methods of collecting the fauna are described and a list of the forty- 
eight species found is given. 

(4) The species present are discussed in relation to their usual habitats. 

(5) Hitherto undescribed forms of Gammarus locusta and of Idothea viridis 
were found in the Creek. 

(6) An attempt was made to collect plankton quantitatively. The results 
obtained show that the productivity of zooplankton is very much lower than 
in the sea. The amplitude of the seasonal changes in abundance is very much 
greater. 

(7) The physiological effects upon the fauna of the following factors with 
especial reference to New England Creek as an environment, are discussed : 
historical factor, absence of tides, alterations in ionic composition, high pH, 
alterations in concentrations of trace elements, reduction in osmotic pressure, 
the importance of a high oxygen tension, temperature variations, and rate of 
change of environment. 

(8) The fauna of New England Creek is compared with that of the Widewater 
lagoon near the Adur Estuary, Sussex (Ellis, 1932). 


My sincere thanks are due to Mr. F. 8. Russell for advice as to suitable 
collecting gear and for references to the literature on the quantitative collection 
of plankton, and to Professor D. M. 8. Watson, F.R.S., Dr. E. A. Fraser, and 
Mr. G. P. Wells, for continual advice and encouragement during this work. 

The cost of the collecting gear and colorimeter was defrayed by a grant from 
the Government Grants Committee of the Royal Society. 
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EXPLANATION OF THE PLATES. 


PLATE 8. 

Map of New England Creek and adjoining area. With the exception of the limits and 
depths of the water in the Creek itself, this map is based upon the Ordnance Survey 
Map (Essex, New Series, XXXIV, 5, 9, & 10) with the sanction of the Controller of 
TI.M. Stationery Office. The position of the edge of the water and the depth contours 
are from a survey by the author in September 1933. 


PLATE 9. 
(Letters refer to large-scale map of New England Creek, Plate 8.) 
Fig. 1. View of Creek from Point Q, looking southward. 
Fig. 2. Ditto from Point R, looking north-west. 
Fig. 3. Ditto from Point P, looking north-west. 
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Contributions to the study of some African Mammals.—II. The subspecies 
of the Black Rhinoceros, Diceros bicornis (Linnaeus), defined by the 
proportions of the skull. By A. TinpELi Hopwoop, D.Sc., F.LS., 
Department of Geology, British Museum (Natural History). 


(Plates 10 & 11) 
[Read 6 December 1937] 


I. INTRODUCTION. 

Recent examples of the Black Rhinoceros vary slightly according to the 
district in which they live, and certain ill-defined subspecies such as Diceros 
bicornis holmwoodi (Sclater) and D. b. somaliensis (Potocki) have been distin- 
guished. No detailed account of these two forms has yet been published, 
although Lydekker (1911) pointed out differences between two skulls, one 
from East Africa and one from Somaliland. 

One reason for the uncertainty which exists is the difficulty of assembling 
enough material, but the scarcity of specimens of the true D. b. bicornis (Linnaeus) 
is an even more cogent reason. This form is but meagrely represented in the 
British Museum, and none of the specimens is from the typical locality. Of the 
three skulls in the collection, two are from Mashonaland ; the other, obtained 
180 miles N.E. of Lattakoo, is the holotype of Rhinoceros keitloa A. Smith, 1836. 
In another great museum, the United States National Museum, there is not 
a single specimen (Hollister, 1924). 

In view of the discovery of this species in the Pleistocene of East Africa, 
it seemed desirable to frame more precise definitions of the Recent subspecies. 
The skull was chosen for this purpose because it is easier to work with than 
the rest of the skeleton, and because there are many more skulls than skeletons 
in the British Museum collections. The only fossil specimens yet discovered 
are a few isolated teeth, but from the occurrence of skulls of the White Rhinoceros 
(Ceratotherium simum), which was the common species in Lower and Middle 
Pleistocene times, one feels certain that skulls of the Black Rhinoceros, too, 
must have been preserved. 

Lydekker (1916) listed four subspecies, namely, D. bicornis bicornis (Linnaeus), 
D. b. holmwoodi (Sclater), D. 6. somaliensis (Potocki), and D. 6. cucullatus 
(Wagner). Putting the last on one side because it is probably an artifact 
(cf. Schwarz, 1920), the ranges of the other three may be fixed as follow : 

D. b. bicornis, from the Cape of Good Hope to the Zambesi River. 

D. b. holmwoodi, from North of the Zambesi River to the Northern Uaso 
Nyiro. : 

D. b. somaliensis, Abyssinia and Somaliland, including Jubaland. 

In addition to these three forms, there are in the Museum two skulls from 
West Africa; one is from Angola, and the other is from Northern Nigeria. 
These have been included, and are discussed below. 

JOURN. LINN, SOC,—ZOOLOGY, VOL, XL, 33 
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II. MEASUREMENTS AND ANALYSIS. 


The skulls measured have been selected on the assumption that this species 
resembles the White Rhinoceros in breeding whilst the fourth milk-molar 
is still in use (Heller, 1913). Thus certain skulls are included which appear 
to be immature. That the result is not materially affected is proved by 
Table III, which is based solely on mature specimens. 

The proportions, which are printed in italics, are based on the breadth of 
the postorbital constriction as 100 because several skulls have been mutilated 
in such a way as to destroy the condyles and basicranium. When the condylo- 
basal length was taken as standard, it was found that in the longer series, 
D. b. holmwoodi and D. b. somaliensis, the post-orbital constriction had an 
average value of 21-1 per cent. and 20-8 per cent. respectively. For the three 
skulls of D. b. bicornis the average value is 21-1 per cent. ; for the two West 
African skulls it is 20-8 per cent. This close agreement makes it unlikely 
that the results based on the unusual standard should be vitiated thereby. 

The Arithmetic Means of the measurements, and ratios calculated from the 
Means, are given in Table II, in which the Roman figures at the heads 


TABLE I]. 


(Based on all the specimens, irrespective of age.) 


ihe il. bigs oh Ve Kee Nahe alhe Bbc Sq; xat 

Dabevvcornts a eee 590 560 358 276 119 203 58 158 144 261 57 
496 471 301 231 100° 177 249 133" 121 (21948 

D.b. holmwoodi...... 523 544 315 239 114 184 47 151 132 237 49 
459 477 276 210 100 161 41 182 4116 208 43 

D. b. somaliensis .... 540 617 271 223 107 168 41 140 122 238 61 
505 483 253 208 100 157 38 131 114 222 57 


of the columns correspond to those at the heads of the columns in Table I. 
From the mean measurements it is evident that there is a reduction in size 
as the species is traced from the South to the North of its range, and that 
the length of the second upper molar (col. xi) is greater in D. b. somaliensis 
than it is in the other subspecies. 

This is confirmed by the proportions. In D. b. holmwoodi the condylo-basal 
length (c 1. ii) is slightly greater than in D. b. bicornis, whereas all the other 
proportions are less. In D. b. somaliensis the occipito-nasal length (col. i), 
the condylo-basal length (col. ii), the length of the upper cheek-teeth (col. x), 
and the length of the second upper molar (col. xi) are in excess, whereas the 
remaining dimensions are less than in D. b. bicornis. 

Since this result might be affected by the greater average age of the three 
skulls of D. b. bicornis compared with the average age of the other two series, 


Table III was drawn up to include only those specimens of approximately 
the same age. 
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Taste ITI. 


(Based on fully mature specimens only.) 

ile aa ive we Vie CVilno Vill. “Ix, “ X-— °xt. 

Deb, bicornis’ ......-- 590 560 358 276 119 203 58 158 144 261 57 
496 471 301 231 100 171 49 1383 121 219 48 

D.b. holmwoodi.....- 548 653 328 255 118 195 51 152 150 264 57 
464 469 278 216 100 165 43 129 127 224 48 

D.b. somaliensis .... 554 531 306 242 110 177 46 145 129 211 60 
504 483 278 199 100 161 42 1382 117 192 5) 


In these specimens the proportions of the skull of D. 6. holmwoodi are less 
than those of D. b. bicornis except the width of the nasal boss (col. ix) and the 
length of the upper tooth-row (col. x), which are greater. The length of the 
second upper molar (col. xi) and the condylo-basal length (col ii) are practically 
the same as those of the typical form. 

In D. b. somaliensis the proportions which are in excess are the occipito- 
nasal length (col. i), the condylo-basal length (col. ii), and the length of the second 
upper molar (col. xi). The width of the nasal boss icol. ix) is somewhat less 
than that of D. 6. bicornis. 

There are no specimens of young animals from South Africa with which 
the skulls from West Africa nay be compared, but Table IV includes those 
skulls of other forms which are at about the same stage of growth. 


TABLE IV. 

(Based on young specimens only.) 
i. A i oe eee Vie Nile Vili 1X7 
D.b. holmwoodi....+- 498 516 298 226 107 175 40 150 114 206 
466 482 279 211 100 164 37 140 107 192 
D. b. somaliensis .... 468 474 244 175 93 135 31 129 94 182 
503 610 262 188 100 145 33 189 101 195 
Angolan subsp. ..--- 480 602 300 213 107 164 31 137 107 2038 
449 469 280 199 100 153 29 128 100 190 


N. Nigerian subsp. .-- 480 493 273 174 101 146 32 147 102 184 
475 488 270 172 100 144 32 146 101 182 


It will be noticed that in the West of Africa, as in the East, the northern 
skull is longer and more slender than that from the South, and that, despite 
its slightly greater age, the former has the shorter tooth-row (col. x). 


Ill. SYSTEMATIC. 


RHINOCEROS BICORNIS Linnaeus. In the early days of systematic Zoology 
there was great uncertainty about the status of the Black Rhinoceros. 
Pennant (1771), for example, regarded two-horned animals as a variety of the 
one-horned species, and, although he rejected the Linnaean classification in favour 
of that of Buffon, he was supported in this view by the twelfth edition of the 
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‘Systema Naturae’. It was not until the turn of the century that the name 
R. bicornis began to find general acceptance as the designation of the African 
rhinoceros. Even so, it remained a matter of convention rather than con- 
viction, and Oldfield Thomas (1911) said that it is ‘always accepted as the 
African Two-horned Rhinoceros. Type locality not determinable, except 
that the Cape may generally be considered the place whence early specimens 
were brought. “Habitat in India” may, as usual, be entirely ignored.’ 
That this last remark is less than fair to Linnaeus may be seen from a study of 
the sixth, tenth, and twelfth editions of the ‘Systema Naturae’ and of the 
sources quoted in them. 
There are two kinds of Rhinoceros mentioned in the sixth edition, namely, 


1. Rhinoceros cornu unico conico—Enhorning ; 
2. Rhinoceros cornibus duobus cuneiformibus, 
but no authority is given for either. 

In the tenth edition these diagnoses are reproduced. To the first the trivial 
name wnicornis is allotted, other authors are quoted, the habitat is given 
as Africa and India, and details of the external appearance of the animal 
are added. The second diagnosis is allotted the trivial name bicornis, there 
is a reference to the sixth edition, and then three lines of text, thus : 

‘ Habitat in India. Kolbius, Jacobaeus, Schroeckius. 
Species obscura, cranium tantum cum cornibus duobus 
compressus altero minori supra alterum nobis visum ’ 


By the time the twelfth edition was issued, Linnaeus had changed his mind 
and reduced R. bicornis to the level of a variety. He placed it immediately 
after the references for R. wnicornis, and transferred the description of that 
species so that it applies to both forms. In this edition the only reference 
given for &. bicornis is to the tenth edition, and the names Kolbius, Jacobaeus, 
and Schroeckius are omitted. 

Presumably Linnaeus placed these three names in that order to indicate 
their relative importance as sources of information. If this is so, then Kolbius 
must be taken as his chief authority. Even if the order is accidental, it still 
remains true that the account in Kolbius (1719) is the most detailed of them 
all, and the only one which describes the animal, its habits, and its uses 
accurately, and from first-hand knowledge. 

Linnaeus, however, took the locality from Jacobaeus, who says (1710, no. 31) 
that the specimen in the Museum of the King of Denmark was killed in the 
menagerie of the Great Mogul of India, whence the horns were brought to 
Copenhagen by merchants trading to the East and presented to King Christian V . 
Moreover, in discussing Item 33, ‘ Corium rhinocerotis ’, Jacobaeus says that 
the animal is plentiful in Bengal, Cambay, Malacca, Sumatra, Siam, and other 
regions. Possibly the specimen which reached Copenhagen was of the Sumatran 


Rhinoceros, but the horns figured by Jacobaeus (op. cit. pl. iv, fig. 31) appear 
to be those of the Black Rhinoceros. 
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‘ Historia Moschi’ by Schroeckius is concerned with the sources of supply 
of Musk, and with its properties. The work is largely medical. Despite 
a fairly close examination I have not been able to find any reference to 
Rhinoceroses, though they may be hidden somewhere in the 224 closely 
printed pages. 

There will be no dispute that it is most desirable to retain R. bicornis as the 
name of the Black Rhinoceros. In order to do so with the strictest regard 
for the rules of nomenclature, it is necessary to take the animals mentioned 
by Kolbius, Jacobaeus, and Schroeckius as the syntypes of R. bicorms ; to 
assume that that mentioned by Jacobaeus is the Sumatran Rhinoceros, and 
that if Schroeckius does refer to a rhinoceros it is indeterminate. The animal 
described by Kolbius is here chosen as the Lecroryrs, and the name Rhinoceros 
bicornis is properly restricted to the Black Rhinoceros, with the Cape of Good 
Hope as the type-locality. 

Of the type-specimen there is little to say. We are told that it was a skull, 
‘cranium tantum..... nobis visum’, but that is all. That the specimen 
mentioned in the ‘ Mus. Adolphi Friderici’ cannot, even if it still exists, be 
taken as the type, is shown by the following description given by Linnaeus, 
‘Cornu hujus inferium politum et artificis manu in tria cornua efformatus ex 
uno s. majore, quorum intermedium duplo majus est; non vero trilobum 
natum fuit ’. 

Rhinoceros bicornis capensis Camper is mentioned by Lydekker (1916, p. 54) 
as a variety. It does not occur in Camper’s well-known paper, ‘ Dissertatio 
de Cranio Rhinocerotis Africani, Cornu Gemino ’, which is the source quoted 
by Lydekker, and I have been unable to trace it elsewhere. In this connexion 
it should be noted that the names employed by Camper are usually in the 
vernacular, and that they appear in a Latin form because Camper wrote in 
Latin. 

Bhinocerus cucullatus Wagner is said by Lydekker to have been obtained in 
Abyssinia, but this is a mistake. Wagner (1835, p. 318), when answering 
his own question concerning the locality of the type-specimen, says, ‘ Da indess 
dieser Punkt im Lauf der Zeiten schon noch ermittelt werden wird, so ist 
es besser, ihn einstweilen so unbestimmt zu lassen, als er es nun einmal ist ’. 
He himself had grave suspicions that the type was an artifact, and although 
he finally concluded that it was not. most other workers have disagreed with 
him (cf. Schwarz, 1920, p. 871). Possibly the idea that it occurs in Abyssinia 
may have arisen from the chance that Wagner discusses the Rhinoceros 
described by Bruce. 

Rhinoceros keitloa A. Smith is also worthy of mention as a relic of the early 
days of scientific investigation in South Africa. The original description : 

‘ Rhinoceros keitloa. Colour a rusty greenish yellow, clouded with pale 
olive brown; horns of equal length, the anterior one curved and rounded, 
the posterior straight and laterally compressed. Size of the Rhinoceros Afri- 
canus. Inhabits the country north and south of Kurrichaine ’ (Smith, 1836, 
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p. 44), is contained in a very scarce booklet published in Cape Town with 
the title ‘ Report of the Expedition for exploring Central Africa from the Cape 
of Good Hope ’. 

The name next appears, in 1837, on p. 7 of the ‘ Catalogue of the South 
African Museum now exhibiting in the Egyptian Hall, Piccadilly. The 
property of a Society entitled “The Cape of Good Hope Association for 
exploring Central Africa”’’. It is there stated that Rhinoceros Ketloa (sic) 
was shot about 180 miles N.E. of Lattakoo. 

In the following year, 1838, when the collection was sold at the Egyptian 
Hall by Messrs. J. C. & S. Stevens, the skull of Rhinoceros keitloa, which is the 
holotype, and which is listed as Lot 282, was purchased by the Trustees of the 
British Museum. It is now preserved in the Department of Zoology, and bears 
the number 38.6.9.101 in the Departmental registers. 

Copies of the Report of the Expedition, of the Catalogue of the Museum, 
and of the Sale Catalogue, are among the collection of tracts formed by the late 
Dr. J. E. Gray, F.R.S., now in the Library of the Department of Zoology of 
the British Museum, but they appear to have been unknown to Schwarz (1920, 
p. 870). Lydekker (1916, p. 54) appears to have been unaware of the Report 
of the Expedition. 

Kurrichaine and Lattakoo no longer appear in modern atlases. Lattakoo 
(Lat. 27° 10'S., Long. 24° 30’ E.) has been abandoned in favour of New 
Lattakoo, now called Kuruman; and Kurrichaine (Lat. 25° 42’S., Long. 
27° 9’ K.) is just over the Transvaal border to the North East of Mafeking. 
The geographical positions are taken from Johnston’s National Atlas published 
in 1850. 

This supposed species is nothing more than an individual variation which 
occurs throughout the entire range of the Black Rhinoceros from the Cape to 
Abyssinia, and is not restricted to either sex. (See also Selous, 1881.) 


RHINOCEROS BICORNIS HOLMWOOD! Sclater, 1893, was based on two horns 
purchased in Zanzibar, which were thought to have been obtained ‘ from 
the country of ‘ Udulia”’, situated at the N.E. point of Usukuma, 50 miles 
south of Speke Gulf’. Of the two syntypes figured by Sclater, the original 
of the straighter one, fig. 1, is in the British Museum (regd. 94.3.3.1). This 
specimen is here chosen as the LecToTyPE. 

The diagnosis may be extended to include the following characters : 


SKULL MORE SLENDER, NASAL BOSS WIDER, MAXILLARY TOOTH-ROW LONGER 
THAN IN DICEROS BICORNIS BICORNIS. 


RHINOCEROS BICORNIS SOMALIENSIS Potocki, 1897, first appeared in an 
account of the author’s hunting trip to British Somaliland which was published 
in Warsaw. This edition was unknown to Lydekker and Schwarz, both of whom 
refer to the English translation issued in London three years later. Through 
the kindly interest of Counts Joseph and Alfred Potocki, the son and nephew: 
of the author, the Trustees of the British Museum have been able to acquire 
a copy of the Polish edition for the Library of the Department of Zoology. 
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Potocki recalls that Swayne was the first to shoot rhinoceros in Somaliland, 
and says that the animal was recognized as a separate variety by the English 
naturalists. When he published the name in the text without diagnosis or 
citation, he was, doubtless, under the impression that it had already appeared 
in print. There is no evidence of prior publication, however, and I have vainly 
searched all the literature based on Swayne’s collections for this name. Under 
these circumstances Potocki must be credited with the authorship. 

Despite the absence of a diagnosis, the name is not a nomen nudum, because 
the author gives five figures of two adult animals which he shot in Somaliland. 
These animals are the syntypes of the species, and it is necessary to select 
one of them as the lectotype. Lydekker (1916) says ‘ Type, the figure in Count 
Potocki’s work’, but does not say which he means. The most appropriate 
figure would be that on the plate ‘Moj pierwszy nosorozec ’ facing p. 80, 
because it represents the animal under discussion on p. 82 where the name 
first occurs. On the other hand, the plate “ Nosorozec (Rhinoceros bicornis) ’, 
facing p- 104, is obviously of a mounted head, and displays the details of the 
specimen. It is quite certain that this specimen was shot in Somaliland, 
and that it is identical with the animal shown in the tinted figure on p. 102, 
for the left ear of both has the same shape slit on the margin. Hence Scharwz 
was mistaken when he claimed that this was the head of an Indian animal 
with a second horn added. On the whole, it is better to select the head depicted 
on the plate facing p. 104 as the lectotype. 

Concerning this specimen, Count Joseph Potocki writes, ‘ Unfortunately 
most of my father’s trophies perished during or immediately after the War— 
among them the stuffed head of that species of Rhino as well as the stuffed 
full specimen of the baby Rhino which my father brought back from Somaliland 
in 1896 but which did not survive the journey’. On this account, I hereby 
select the skull of an animal shot in Somaliland by Major R. E. Drake- 
Brockman (regd. 11.8.2. 20) as the Nuotyrr of the subspecies R. bicornis 
somaliensis Potocki. This is the skull of which a figure and brief description 
were published by Lydekker in 1911. 

The extended diagnosis is : 

SKULL RELATIVELY LONGER AND MORE SLENDER THAN IN THE TYPE, LENGTH 
OF SECOND UPPER MOLAR GREATER, BUT LENGTH OF MAXILLARY TOOTH-ROW 


LESS. 

It is clear from the following diagnoses, in which the East African form 
ig taken as standard, that the skulls from West Africa probably belong to new 
subspecies. Nevertheless, they have not received separate names because 
they are derived from immature animals, and also because there are no skulls 
of the typical race at the same stage of growth in the British Museum. 

Angolan race.—Skull shorter than in D. b. holmwoodi, occipital plate lower. 

Nigerian race.—Skull longer and narrower than in D. b. holmwoodi, occipital 


plate higher, maxillary tooth-row shorter. 
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V. SUMMARY. 


Measurements and proportions of twenty-one skulls of Duceros bicornis 
(Linnaeus) are analysed and discussed. 

The works quoted by Linnaeus have been examined, and a type-locality 
for the species selected in accordance with the evidence contained in them. 

D. b. holmwoodi (Sclater) and D. b. somaliensis (Potocki) are diagnosed by 
means of their skull-characters, and a NroTyPe is selected for the latter. 


Attention is drawn to the probable existence of two distinct subspecies in 
West Africa. 
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EXPLANATION OF THE PLATES. 
PLATE 10. 


Fig. 1. Diceros bicornis bicornis (Linnaeus). Mounted head of the Keitloa type with an 
unusually long binder horn. 
Fig. 2. D. b. bicornis (Linnaeus). The HoLoryre of Rhinoceros keitloa A. Smith. 


Photographs not to scale. 


PLATE 11. 
Fig. 1. Diceros bicornis holmwoodi (Sclater). Skull of young adult. 
Fig. 2. D. b. somaliensis (Potocki). Skull of an animal slightly older than that shown 
in figure 1. This is the Neoryrn of the subspecies ; figured in norma verticalis 
by Lydekker (1911). 
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Further notes on the Tahitian Barrier Reef and lagoons. By CyRIL CROssLAND, 
M.A., D.Sc., The Biological Station, Ghardaqa, Egypt. (Communicated 
by Prof, J. STANLEY GARDINER, E.R.S., F.L.S.) 


(Puaves 12 & 18, anda Sketch-map) 
{Read 20 January 1938] 


On my second visit to Tahiti (July, 1928, to January, 1930) I paid particular 
attention to certain reefs which I had seen only cursorily before, confirming 
and extending my former conclusions, viz.: (1) the reef was originally 
continuous from shore to ocean, the lagoon having been excavated later ; 
(2) the lagoons are being enlarged in some places, in others are filling in ; 
(3) the higher levels of the barrier edge are erosion flats. In the present paper 
I describe (4) the earliest stages in the formation of passes into the lagoons ; 
(5) the role of Lithothamnioneae in reef building and protection ; and (6) the 
further history of the effects of the flood of January, 1926 *. 


1. THE SECONDARY ORIGIN OF LAGOONS. 


Lagoon formation is one of the critical questions in the coral reef problem, 
and barrier reefs surrounding recent volcanic islands offer evidence not available 
in an atoll, or where, as in Kast Africa and the Red Sea, the shore belt is itself 
a raised coral reef. 

The barrier of Tahiti was once a broad shelf continuous with the land, since 
there occur rounded boulders and pebbles of basalt on its ocean slopes, and 
the lagoon has been hollowed out later. These boulders are scoured clean, 
like the walls and bottoms of the trenches in which they lie. The natives are 
familiar with them, and recognize the difference between ‘ mountain stones ’ 
and ‘sea stones’, but all enquiries as to how they reached so strange a position 
were met with the shrug proper to useless questioning. Unless they were 
conveyed by currents, floods, or wave action across an originally continuous 


* My first visit to Tahiti is described in the following papers :— 

1. ‘Marine Ecology and Coral Formations in the Panama Region, the Galapagos and 
Marquesas Islands and the Atoll of Napuka.’ Trans. Roy. Soc. Edin., 1927, pp. 531-54. 

2. ‘The Island of Tahiti.’ Geog. Journ. LXXI, no. 6, June 1928. 

3. ‘The coral reefs of Tabiti, Moorea, and Rarotonga.’ Journ. Linn. Soc., Zool. xxxvI, 
1928. 

4. ‘Notes on the Ecology of the Reef Builders of Tahiti.” P. Z.S. Sept. 1928. 

Since my second visit I have published :— 

5. ‘The reduced building power of the Astrean corals of Tahiti, etc. P.Z.S. June 1931. 

6. «Coral Faunas of the Red Sea and Tahiti.’ P.Z.S. Sept. 1935. 

For other literature see Howell Williams, ‘ Geology of Tahiti, Moorea, and Maiao ’. 
Berenice P. Bishop Museum, Bulletin 105, 1933, which includes a very complete list, 


460 DR. CYRIL CROSSLAND ON THE 


reef flat, they must have been taken across in canoes, or floated entangled in 
the roots of trees. Fishermen are taking stones to sink their lines every day, 
but these are (1) used in water of at least 50 fms. depth, and (2) are all of one 
size, about 4 inches in diameter. Anchor stones are used only within lagoons, 
and some of the boulders are too large even for this purpose. 

That stones are conveyed even to distant atolls entangled in tree roots 
is well known; such occurrences are not common, as is clear from the fact 
that all such stones were-reserved by the chiefs as valuable property. In my 
three years’ watching of the Tahitian barrier the stranding of ‘ purao ’ (Hibiscus 
tiliaceus) trees occurred only once, on 5 December, 1928, when 9 trees, with 
foliage still green, and 3 or 4 bare trunks were found along the southern two 
kilometres of Pa’ea reef. The trees had been overturned evidently by a sudden 
diversion of a stream in flood, whereby the pile of alluvial gravel and boulders, 
on which they were growing, had been shifted. There were masses of roots, 
but I was unable to see any stones in them, though doubtless some had been 
carried. Owing to the comparatively gentle slope of the upper part of the 
outer edge of the reef and to the easy lift of a floating tree in a wave, such 
stones would be detached in very shallow water and consequently would be 
swept over into the lagoon, not drawn out to the deeper slopes *. 

Floods do not now carry stones to the sea, but deposit them on the upper 
part of the maritime plain. Indeed, those now found in the barrier and sea- 
ward reefs must have been carried there when the island was at a slightly 
lower level and the reef was continuous from the shore to the present outer 
edge. Floods of exceptional violence have only local effects in forming fans 
of boulders on the shore reef. One such built out the point of Vai Tupu 
(see sketch-map), which is a deltaic mass of boulders ending steeply on the 
beach, but such formations are too local and exceptional to account for the 
universal distribution of volcanic boulders in the reefs. It is not necessary 
for the movement of these stones that the reef should slope seawards. 
Dr. Marshall tells me that in other cases, where a basaltic cliff abuts onto 
a coral reef, e.g., in Rarotonga, no spreading of volcanic stones over the reef 
has been observed. TI can only set against this the case of an extremely recent 
reef in the Marquesas, in which no change of level is involved, where volcanic 
stones were distributed along the reef edge, which touches the volcanic shore 
at one end. 

In past times the reef must have extended to, or near to, the base of the 
cliffs, as the present maritime plain everywhere rests on the coral reef; and 


* This gradual descent of the seaward slope in its upper part is worthy of emphasis. 
When watching the rise of a wave from the reef edge, and observing the bottom by 
refraction therein, one receives the impression that there is a steep descent into deep water, 
but this is quite deceptive. Examination from a boat, and of the soundings on the charts, 
shows that the upper slope is everywhere (with some striking exceptions) gradual for 


100 or more metres, the slope not exceeding one in ten; but the slope is steeper after a 
depth of 3-5 fathoms is reached, 
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since these volcanic rocks have not been brought to the barrier either by human 
agency or by floating trees, the only possible deduction is that the reef was 
once continuous as a fringing reef from the present barrier edge to the land. 


2. EXCAVATION AND FILLING OF LAGOONS. Pa’RA. 


The theory I advanced that the lagoon may have had its first origin through 
a slipping outwards of the more coherent reef upon the less coherent detrital 
shore shelf *, is merely a suggestion, but it is supported by much cracking 
and minor faulting in the reefs, both along shore and on the barrier, which 
may have occurred through the weight upon the foundations being added to 
as a result of the emergence of the reef by a fall of ocean level, due to glaciation 
at the poles. What is proved is the enlargement of most of the lagoons by 
erosion, solution, and the action of boring organisms, especially algae. Apart 
from the physical features of dead reefs, this is strikingly proved by the occur- 
rence, rare indeed but decisive, of basalt stones bedded in the vertical walls 
of some lagoon reefs. 

Erosion and filling in go together in all lagoons, and Tahiti is peculiarly 
interesting in that in some lagoons the former predominates, in others the latter. 
The contrast between the lagoons of the east and west coasts was described 
in my former paper (Journ. Linn. Soc., Zool., XXXVI, 1936) ; those of the west 
coast south of Taapuna Pass (loc. cit., map, p. 597) have been described as 
broad fringing reefs, the water over their inner parts being only 1-2 fms. deep. 
My residence in the more southern Pa’ea district has enabled me to investigate 
whether they are the original nearly unbroken flats, or lagoons, which have been 
completely filled in. The northern of these two lagoons, that of Punaauia 
and the adjacent part of Pa’ea lagoon offer little evidence either way, being 
for the most part sandy, with scattered corals and the usual masses of solid 
Porites in a band near the barrier ; they have no surface reefs. 

The southern two-thirds of Pa’ea lagoon differs in being largely choked 
with irregular surface reefs and in having two deeper pools and the channel 
shown in the map (fig. 1). This area has, in fact, the richest lagoon growth 
of corals in Tahiti, and its physical features and the distribution of its corals 
must be considered in some detail. 

A beach of white coral sand is exceptional in Tahiti, where beaches are 
generally confined to the mouths of valleys and are of black volcanic sand, 
with more or less coral admixed. On this south-west coast the coral beach 
extends, with interruptions such as Vai Tupa delta and some stretches of black 
sand, through both Pa’ea and Punaauia districts. The height of the beach 
appears to indicate a tide of about four feet, but actually the tide rises only 
16 inches at springs. The upper part is, in fact, a raised beach now undergoing 
erosion, and generally bears seedlings of the usual beach plants, which are 
swept away every few weeks, when the rough seas outside pile up water in the 


* Trans. Roy. Soc. Edin, tv, 1927, p. 550, 
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lagoon far above tide-level. At these times repeated series of small waves cross 
the lagoon at intervals to break upon the shore, or to form rushing bores up 
the mouths of streams. A succession of such waves may occur every few 
minutes when the surf is exceptionally high, only a few times a day when 
it is more moderate. At normal times the piling up of water is evidenced 
by a current which varies from 1 to 6 knots in the lagoon, becoming a violent 
race in stormy weather. From the northern lagoon pool to Maraa Pass it sets 
constantly to the south along shore and in the channel. The transporting 
and erosive powers of such currents are at all times considerable. 

The inward current over and from the barrier edge is always in evidence. 
Its transport of sand and gravel to the lagoon channel is quite clearly visible 
as streaks of sand under the lee of growing corals and other obstructions on 
the submerged flat. The level flat almost always passes into the lagoon channel 
in a steep slope, where the sand, the final result of coral destruction, is 
deposited. 

This sand should be traced from its source. Beginning with the barrier edge, 
there is very little coral growth where the breakers have their full effect, and 
I have never seen the slab-like Acropora, etc., of its lagoonward slope displaced. 
After heavy weather there are here and there accumulations of broken coral, 
practically all being branches of the coarse-growing Pocillopora eydouxi, lying 
under the step by which the barrier drops into the lagoon (Pl. 12, fig. 2), but 
these, though conspicuous in places, amount to little; the barrier edge, 
therefore, supplies little material to the lagoon. Next, either immediately 
below the step or after a few yards, is found a broad band of large Porites 
colonies, which are in every stage of decay themselves and bear numerous more 
delicate corals on their dead surfaces. The decay of these large masses, often 
to mere shells, or shapeless jagged stones, is evident, and affords as striking 
evidence of the re-solution of limestone as can be demanded. The sea bottom 
around them is littered with dead branches of the more delicate corals growing 
on the Porites, among which the very hard dense branches of the Pocillopora 
of the barrier edge can rarely be seen. Between the Porites colonies the bottom 
is often bare, and is seen to be a barren eroded flat, in which the boring molluse, 
Lithodomus, lives in myriads. Passing landwards the rapidity with which 
fragments of coral break up into sand is remarked ; for very soon after the 
Porites band is passed the bottom is covered with almost pure sand, visibly 
on its way to the lagoon or channel. Filling of the channel is thus found to 
be by material grown within the lagoon, and probably is most rapid where the 
submerged flat is broad. 

How does this apply to the lagoon of Pa’ea ? Consider the southern pool 
shown on the map; on its west side is a sandy area with scattered corals, 
but the side of the pool is of sand alone. On the north is more coral, while 
on the east and south, where the current strikes after depositing its sand in 
the pool, are steep banks of very vigorous growing coral of various species. 
The water flowing over the southern edge of the pool has deposited the sand 
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and mud it carried, and here the growth is at a maximum, elsewhere it is in 
inverse proportion to the amount of sand carried, affording a very nice demon- 
stration of the effect of moving sand on coral growth. It is to be noted that, 
in contrast with other lagoon reefs, there is no shelf at the surface and no 
actually vertical face, and these, indeed, are almost the only reefs in Tahiti 
of which the outgrowth is beyond doubt. The pool is thus closing in with 
all possible speed, on all sides, by coral growth and deposition of sand. 

The channel south of this is, for the inner part of its course, similarly closing 
up, but more slowly. At its head is a wide area of sand, under about 3 metres 
of water, which slopes steeply into 9-14 metres, indicating filling from the 
head. There is also a steep slope of sand on the west, but on the east lies 
a massive, but shallow, band of Porites (Synarea) conveaa, which is the principal 
coral of many Tahitian lagoon reefs. Here again there is no projecting shelf 
at the surface, and only individual colonies have vertical faces. Growth 
would be confined to the upper 4 feet or so were not large masses of this Porites 
continually slipping down the talus slope and thus extending the living zone 
another fathom or two. 

As these pools close up coral growth becomes more and more restricted 
until only dead flats remain, such as the large area south of the southern pool. 
The surface of this is composed largely of loose material, encrusted with 
Lithothamnioneae. During 1926-8 much coral about the southern end of 
this area was being smothered by a grey leafy sponge, a cause of death not seen 
elsewhere or previously recorded, and the occurrence of dead and decaying 
specimens of open water corals, such as Acropora hyacinthus, in places where 
they never grow under present conditions, is further evidence of change. It is 
almost inevitable that such a dead and loose mass would break up into sand, 
which would be excavated by the surf currents to a depth of 4 metres or so, 
thus reproducing conditions in the northern part of the lagoon and that of 
Punaauia. Conditions there are stable, since further deepening will result 
in increased coral growth, which will again bring the surface to the old level. 
These so called fringing reefs are, in fact, filled in lagoons. 

Conditions where the Pa’ea Channel turns westward, and at its opening into 
Maraa lagoon, are in complete contrast to those described above. Here the 
southward current does not get rid of the sand it carries before violently im- 
pinging upon the other side of the channel. There is here no deep band of 
growing Synaraea and no talus slope, but an undercut face of reef-rock. Growing 
coral is confined to the surface of the reef and to a shallow shelf projecting 
several feet from the top of a vertical rock wall. On the other side of the 
channel sand is replaced to a large extent by dead rock, and in places this is 
deeply fissured. The submerged flat oceanwards bears but little living coral. 
Similarly the reefs in Maraa lagoon are dead, except on their upper surfaces ; 
We have, in fact, passed, with surprising suddenness, from the relic of a lagoon 
which has been nearly filled in, to the open waters, with stationary or decaying 
reefs, characteristic of the lagoons of the south coast. 

JOURN. LINN. SOC.—ZOOLOGY, VOL, XL 34 
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The remaining lagoons of Tahiti show every stage to the open lagoons, 
with relics of reefs remaining as ‘ pillars ’, off the East coast, as I have formerly 
described (Journ. Linn. Soc., Zool., xxxvi, p. 593). North of Punaauia lagoon 
is that of Faaa, in which the lagoon is narrow, more a channel than a lagoon 
(vide map, loc. cit. p. 597). The shore reefs are comparable to those of the east 
side of Pa’ea Channel, and, like them, are largely built of Synaraea. The other 
side of the lagoon is the usual steep slope of sand. This, on opening into 
Papeete Harbour, changes in the same way as the Pa’ea channel when opening 
into Maraa, the irregular steep slope of growing corals giving place to a thin 
overhanging shelf with bare rock below it, the characteristic of all lagoon 
and shore reefs along the north coast. 

Along the eastern part of the north coast the barrier is below sea-level, 
and the shore reefs, deeply undercut at their edges, have high level areas 
landwards ; in Matavai Bay these areas are a hard calcrete, of mixed coral 
and volcanic pebbles, formed beneath once existing land and even containing 
casts of tree roots. These are examples of a common phenomenon, the con- 
version of low shores into structures not readily distinguished from coral reefs. 


3. EROSION FLATS ON THE BARRIER EDGE. 


The reef edge varies in height above low-water level to an extent which, 
though usually amounting to only a foot or two, makes conspicuous differences 
in its structure and biological content. These may be divided into four types 
as follows :— 

(1) High reef edge, surface dead but for some Porolithon, impenetrable by 
crowbar. Sargassum generally abundant. An abrupt fall to the lagoon. 

(2) Surface of slabs of coral plus Porolithon, the former more or less alive, 
forming a soft crust easily removed by crowbar. 

(3) Corals all growing, Porolithon inconspicuous, corals modified by surf 
into slab-like forms (PI. 12, fig. 1). 

(4) The lowest levels, where the edge, at L.-W. level, is ill defined, especially 
on the lagoon side, and is composed of corals isolated from one another and 
not exposed at ordinary spring tides. 

These differences were noted in my previous account, but two particular 
high areas were found later, one of which, unique in my own experience and 
unlike anything in the literature, remains to be described. This, which is just 
south of Maraa Pass, shows a single abnormally high step down to the lagoon 
(Pl. 12, fig. 2) and a comparatively rapid reduction of the mass on its seaward 
side by a series of shallow potholes (PI. 12, fig. 3). The level has been so far 
reduced that a species of Acropora, forming slab-like growths, has been able 
to grow; further reduction means increased organic protection, so that the 
process is finally extremely slow. The high areas common in Tahiti, such as 
those illustrated in my previous paper (1928, pl. 3), must be nearly stable, 
and the structures found on the Maraa reef resemble those where the sea is 
cutting into a low shore of raised coral more than anything reported from 


any oceanic reef edge. 
34* 
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The other portion of abnormally high barrier edge occurs a little south of 
Punaruu gap. It is remarkable in that the level falls to the lagoon in a series 
of steps similar to those I described at Atiue but much more conspicuous. 

These higher areas can only be the remnants of a once continuous mass of 
reef rock left above water by the last fall of ocean level, and the fact that 
these areas are still on the reef edge shows that there has been little or no 
seaward extension of the reefs since that event. 

The other extreme, where the edge is made of scattered corals, nothing 
appearing above even in calm weather and at low tides, occurs but rarely 
in Tahiti, but in the older island of Moorea degradation has proceeded further, 
and this type of reef edge extends over all the north coast. 


4. FORMATION OF PASSES. 


The northern three quarters of the Pa’ea Barrier is low and much cut up 
by trenches, usually about 1-5 m. deep. They are in places exceptionally 
numerous, separated only by a yard or two. Some are abnormally deep, 
one being sounded as 10 metres, and some join to make wide and deep holes. 
At their upper ends they end abruptly in the edge as usual, but some are pro- 
longed to cross the edge as shallow depressions. Six of these are deep and wide 
enough for the passage of canoes, but only three of them are so used, the others 
being blocked by fallen masses of their overhanging rock sides. The two 
southern passes are hardly wider than the canoe and its outrigger, and so 
shallow that the retreat of a wave may strand the canoe on the outer slope. 
They possess strong currents setting lagoonwards, except in the broader 
northern pass where it flows seawards. 

Let us now imagine ourselves continuing the trip northwards, examining the 
bottom by water telescope as we go. For some distance we see the usual 
regular slope, but more cut up by trenches than elsewhere. As we approach 
the northern pass, cracks appear at right angles to the trenches, i.e., parallel to 
the reef edge. Here and for 100 yards and so northwards, we find that the 
reef has collapsed outwards : the slope runs down to a depth of about 3 fms. 
where it ends in a precipice, off which my line of 50 metres found no potion 
Here we have an early stage in the formation of one of the shallow ship passes, 
such as that of Papeete harbour, in which the deep scoop, cut out of the reef 
outside the pass, is more remarkable than the shallow gap in the reef edge 
which forms the visible pass (vide Journ. Linn. Soc., Zool., 1928, p. 601). 

Pa’ea and Punaruu gaps, with others in the south coast, are hardly compar- 
able to passes. They do not lead into the adjacent lagoons, but are cut off 
from them by shallow bars, over which lagoon water flows in a strong stream 
to the gap whatever the state of the tide (Pl. 18, figs. 4 & 5). On the north 
side of Pa’ea gap the origin of this bar is especially clear, a spit of shingle 
stretching seawards from the beach, beyond which is a line of low rocks composed 
of a hard conglomerate of basalt pebbles bound together by limestone, evidently 
the remains of a spit of land which once reached well towards the reef edge. 
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There follows a shallow channel, through which the water pours like a river 
and on the other side of which is the incurved end of the reef that is found at 
all passes. The gap of Punaruu is much wider and contains a sunk reef in 
its centre. 

It is evident that the gaps were cut when the river mouths were much farther 
seawards. They are still broadening on their northern sides, to which the erosive 
sand of the rivers is carried by the ocean current, and the destruction of the 
reefs here is quite conspicuous. 


5. Rous or LirHoTHAMNIONEAE. 

I have again failed to find any evidence that in Tahiti the Lithothamnioneae 
are of more than minor importance in reef building, though they are the most 
conspicuous of all the surface constituents. The greater part of the barrier 
edge is covered by them, except where it is low and the pavement Acropora 
covers its more landward part. They are practically alone on the upper part of 
the seaward slope, corals only becoming conspicuous below the surf-line. 
Lagoon reefs form a continuous surface only where there is some wave motion 
encouraging the growth of, and cementation of, corals by Lithothamnioneae. 
As binding and protective material they have great value, but further 
examination shows that even this is limited. 

A wide experience of the reefs brings out the fact that these plants flourish 
best where conditions have become such that coral life is impossible. They 
are especially conspicuous on the barrier edge, where several trenches are 
close together and there is consequently a tremendous rush of water to and 
fro in the surf. The maximum effect is attained in such positions on the 
Pa’ea reef, resulting in a perceptible steepening of the points of the reef left 
between the trenches ; but it is impossible to maintain that the Lithotham- 
nioneae are adding permanently to the reef, which is obviously undergoing 
particularly rapid erosion. The same applies to the areas where the fringing 
reefs meet black sand beaches, as seen, for instance, on the north side of Punaruu 
gap, but especially at the mouth of the valleys of the east coast. In these 
positions two features are equally striking, the richness of the growth of Litho- 
thamnioneae and the cutting up of the reef. 

I shall deal with the effects of floods later, but one effect has been the final 
death of many corals on both shore and lagoon reefs, in Papeari lagoon, leaving 
only broken branches of coral thickly coated with Lithothamnioneae, which, 
however, fail to cement the branches together. Here, coral having been 
exterminated, Lithothamnioneae take its place. 

In fact the Lithothamnioneae and Aleyonaceae afford indices of the conditions 
affecting coral growth. Of the latter in Tahiti only two species are occasionally 
seen. Elsewhere, e.g., the Red Sea, we may divide reefs into three series: 
(1) those composed of corals almost alone, (2) those with the conspicuous 
addition of Alcyonaceae, and (3) those on which Lithothamnioneae are 
abundant ; this series corresponds exactly with the decreasing vigour of the 
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growth of the reefs themselves. Dongonab Bay (vide Journ. Linn. Soc., Zool., 
xxx1) affords an especially clear exposition of this fact. At its head are more 
or less isolated lagoons with little current, in which coral reefs of small size 
are growing. The main basin, into which these open, is swept by stronger 
currents carrying a small amount of sand and consequently coral growth is 
greatly restricted, the reefs being generally eroded down to sloping rock 
surfaces practically bare of coral, but having growths of sponge, Lithotham- 
nioneae, and Alcyonaceae. Further south, from the Rawaya salt works to 
the islets at the mouth of the Bay, are large beds of nodular Lithothamnioneae, 
while the reefs of this area consist of coral largely smothered by the same 
and by small soft weeds. In the more open basin between Mohamed Qul 
and the island of Makawar coral again grows, but with little vigour and accom- 
panied by Alcyonaceae. All this is in most marked contrast to the reefs of 
open water, which, in the Red Sea, are composed entirely of a crowded 
assemblage of many coral species, Alcyonaceae being inconspicuous and 
Lithothamnioneae found only in crevices beneath the surface. Similarly, in 
the sections of the Red Sea reefs afforded by cliffs, or by quarries in the raised 
reefs, which everywhere form its shores, we find that Lithothamnioneae make 
less than | per cent of their bulk. 

The protective value of this almost universal covering of encrusting Litho- 
thamnioneae in Tahiti must be great, with far-reaching effects on the reefs, 
and, through them, on the habitable land. It is, however, far from as absolute 
as might be supposed. I found surprising difficulty in collecting Lithotham- 
nioneae from the outer slope of the barrier edge, on account of their astonishing 
hardness. Even with a very heavy sharp crowbar and a sledge hammer 
procured for the purpose, the projecting lumps were broken off with difficulty. 
It was then found that the Lithothamnioneae was a mere skin over projections 
of reef rock. That removal of the rock is going on here, is shown not only 
by its form, but by the fact that broken surfaces thus obtained show that 
these knobs contain, and in some cases are largely made of, consolidated sand 
and fragments of coral. Such loose material could not possibly collect and be 
consolidated in its present position, where it is exposed to the full fury of the 
surf, even in crannies among coral or Millepora. What is now the surface 
was originally either at some depth within the reef, or some distance back 
from the outer edge. That this removal of the reef surface is still going on 
is shown by the invariable existence beneath the living coat of Lithotham- 
nioneae, of a layer of rock honeycombed by boring organisms. Evidently 
this becomes so rotten that the Lithothamnioneae split off in fragments and 
are renewed, the underlying organisms then attacking another layer of rock. 
Similarly, in the lagoons a layer of sponge was found under the thicker and 
apparently quite solid crust of Lithothamnioneae coating the precipitous 
faces of dead reefs. It is quite clear that the Lithothamnioneae, in spite of 
continual growth, are making no permanent addition to the Tahitian reefs, 


any more than to the rocks of the shores in the Marquesas, Cape Verde Islands, 
or the Mediterranean, 
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6. FURTHER EFFECTS OF THE FLOOD OF JANUARY 1926. 


I have, in a previous paper *, described how the effects of the flood of January 
1926 continued for at least two months thereafter to destroy the coral life 
which had survived the actual flood. On my second visit I found that, after 
an interval of two years and seven months, the shore reefs in Papeari lagoon 
were just recovering; but a year later still, while recovery was probably as 
complete as it is ever likely to be, on parts of these reefs and over the whole 
of other large areas coral growth is probably finished for ever, and is replaced 
by Lithothamnioneae, as noted in the preceding section. 

In August, 1928, the dominant corals of the flat, Acropora formosa and 
Pocillopora damicornis, were all broken down to loose dead branches. Along 
the edge of the steep, where, before the flood, was a nearly continuous bed 
of various species of coral, these broken corals bore numerous young colonies, 
an inch or two in diameter, of either bushy or corymbose spp. of Acropora. 
A year later only a small proportion of these had survived and reached a 
diameter of from four to six inches, but there were not enough of them to 
re-form the original coral bed. The dead branches on the flat had become 
well covered with encrusting Lithothamnioneae, but without any cementation. 
Over the edge, where corals had been killed to a depth of a fathom or so, things 
were quite different, the whole surface being covered with corals of fair size 
in a flourishing condition. The species of Acropora were not abundant, but 
at least twice the size of those above ; the dominant corals were leafy Pavona, 
and blue and brown folliose Montipora, the latter not having been important 
in 1926. These two corals now dominate all the reefs in the lagoon, and as 
no Acropora formosa remains on the flats, this species, once so abundant, 
has become rare. The large central reefs have become a desert of broken 
branches covered with Lithothamnioneae, which, as on the shore reefs, has 
thickened the branches considerably without effecting any cementation. 
There is little life among them ; loose nodules of a finely branched melobesian 
have appeared, which were not here before, and three echinids are common. 
On the submerged flat the large colonies of Acropora cytherea, a beautiful 
corymbose form usually of three to six feet in diameter, are now broken up 
and decayed, the living colonies being young, @ foot or so in diameter and 
few in number. The Porites heads bear little of the rich fauna they carry 
elsewhere. 

Other cases of the life and death of corals are found in Papetoai Bay in 
Moorea and on the north-east coast of Taiarapu, but here there is no 
explanation by the action of floods. Again the corals have been partially 
replaced by Lithothamnioneae, which has not prevented the lowering of much 
of the reef’s surface. 

In two sections on either side of Papetoai Bay the corals of the degraded 
reefs had all recently died in August, 1928, but there were numerous young 


* Crossland, ‘ Notes on the Ecology of the Reef Builders of Tahiti > P.Z.S., 1928, p. 731. 
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colonies two or three inches across, many probably of Acropora hyacinthus. 
It is remarkable that these young colonies were confined to areas a few hundred 
yards long and were absent nearer the mouth of the bay, where they might 
have been expected to be more abundant. The reefs to the mouth of the bay 
are degraded to a lower level, upon which lumps of Porolithon, of considerable 
size but of delicate structure, have grown. Just beyond this I noted, in the 
summer of 1926 (ie., after the floods), an especially vigorous bed of Acropora 
hyacinthus, which is now largely dead or drying. Captain Trower informed 
me that there has been no local flood to account for this, the last year having 
been exceptionally dry in Moorea, as in Tahiti, but that he had noticed white 
patches in the coral for some time past. The cause of death might be over- 
crowding or simply old age, but of neither have we any proof. 

The last illustration of the replacement of coral by Lithothamnioneae is 
the shore reefs of the N.E. coast of Taiarapu, where they are exposed through 
the absence of surface barriers out at sea. The shore is an old beach, made 
entirely of loose coral fragments, at the base of which is planed down coral 
rock, in which corals are visible in sections. The reef, as is usual on the north 
and east coasts, is in two parts, high and low level, the former of a very hard 
rock, largely of Lithothamnioneae, the latter of softer masses, cut deeply by 
trenches, and running seawards into long tongues and outliers, almost an 
exact miniature of the reef edge of Funafuti. On both parts Sargassum weed 
is abundant. The reef ends, however, in shallow water, beyond which is 
a steep slope to water of some depth. It is clear that, at the time of the last 
fall of ocean level, this was a coral reef, from which the coral beach and base 
rock were formed, the steep slope to the deep water beyond the present reef 
edge having been made by its growth to that point. The present growth of 
Lithothamnioneae may be taken to be a fresh formation, in process of occupying 
the whole site, but all analogy with the other reefs of Tahiti points to its having 
replaced the coral little by little, merely delaying the total destruction of the 
reef, the delay being measurable in hundreds of years even for so small a reef ; 
the long tongues seawards are not outgrowths but remnants. 

Dr. Howell Williams *, who was in Tahiti during part of my second visit, 
has published a very interesting account of the geology of these islands, with 
a discussion of submarine slopes, deep soundings, the absence of evidence for 
continental foundations of the islands, relations of parasitic tuff cones to the 
barrier, subsidence of the islands, and in fact all the geological points affecting 
coral reefs. He mentions all the views on these reefs which have been previously 
published, many of which are indirectly criticised in this and preceding papers. 
Dr. Williams is mistaken in some minor points, such as using my term 
‘submerged flat ’ for the barrier edge, which is not permanently submerged ; 
fringing reefs in lagoons do not usually ‘ plunge steeply to the lagoon down 


* Howell Williams, ‘ Geology of Tahiti, Moorea and Maiao’, Berenice P. Bishop 
Museum, Bulletin 105, 1933. 
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a slope of coral debris’ ; and, while he (p. 60) says ‘it seems fair to conclude 
that some of these passes are determined by erosion along radial cracks, but 
such large passes as that leading into Papeete Harbour may result from other 
causes ’, he omits mention of the remarkable submarine cliff outside the very 
shallow pass of Papeete, and does not note that the larger of the canoe passes 
here described is a perfect miniature of Pape-ete Pass. There are others 
intermediate in size, which, like Pape-ete, show large cracks in the reefs on 
one or both sides of the pass, and a deep scoop in the reef outside. 

His description of the parasitic tuff cones, with the maps on pp. 49, 50, and 52, 
is particularly interesting, and enables us to fix the geological events between 
which the barrier reefs were built. The fact that neither the Tataa nor Tahara 
cones have any influence whatever on the outline of the reefs or the course 
of the lagoons proves that the bulk of them was removed by ocean waves 
before the reefs were made, though coral of recent species was growing then, 
and even before the last overflows from the main crater, as shown by the 
photograph on Plate 6 *. Since the bases of the cones show current bedding, 
they were thrown up when the sea was at its present level, and the barrier 
reef and lagoon were therefore formed, except perhaps the foundations of the 
former, after the post-glacial return of the sea to normal level. This may 
have been 20,000 years ago, and since the reefs were complete before the last 
small fall of sea-level, say 5,000 years ago, we have the interval of 15,000 years 
for their growth, less the time taken for cutting down the cones to nearly 
their present form. The cliffs were cut before the eruption of the cones. 

Gardiner’s and Mayor’s reports on the rate of growth of corals show this 
to be ample. There is no evidence for Setchell’s view that the rate of building 
depends on the growth rate of Lithothamnioneae, which have been found 
to be of trifling importance on the surface, while the lower layers of the reefs 
have not yet been explored. 

As regards the depth of the reef at its outer edge, which Williams takes to be 
410 feet, or say 70 fathoms, a prolongation of the slopes above the cliffs strikes 
the present sea-level about halfway across the lagoon. In glacial times, when 
the sea-level was lower, it would do so further out still. The breadth of the 
platform would have been further increased by the deposition of material 
cut out during cliff formation, and this would extend the platform nearly or 
quite as far as the present barrier edge. The whole thickness of the reef, 
due to direct growth, is not likely, therefore, to exceed 70 fathoms, and may 
be less. As Williams remarks, the whole question of subsidence, or rise of sea- 
level after the glacial epoch, could be settled by borings in a valley mouth, 
not a difficult matter in these days. 


* The coral fragments in the tuff cone of Tataa are too small to have originated from 
a bed of growing coral, resembling rather the broken fragments found in beaches. The 
Pavona duerdeni found among them is not uncommon on the. ‘barrier edge of Pa’ea, though 
not seen elsewhere in Tahiti. 
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SUMMARY. 


(1) The presence of basaltic stones on the outer slope of the barrier proves 
its original continuity with the shore unless the stones were taken across the 
lagoon by fishermen or floated to the barrier reef in tree roots. Both these 
hypothetical methods are shown to be inapplicable. 

(2) Lagoons may be undergoing excavation or be filling. The latter is 
described in the case of Pa’ea lagoon, and the form it will finally attain is 
considered. The origin and transport of the filling material is indicated, 
and the changes noted in reefs in passing from lagoons, which are being filled 
in, to their neighbours, in which excavation preponderates. 

(3) The formation of passes of the shallow type is described as resulting 
primarily from collapse of the reef outside the pass rather than from degradation 
of the top of the reef. It is wholly independent of river action. The gaps 
of Pa’ea, Punaruu and others, are not comparable to lagoon passes, and were 
formed when the rivers now flowing into them had their mouths not far from 
the reef edge. 


(4) Lithothamnioneae are not reef builders in Tahiti, but, as in the Red Sea, 
occupy sites upon which conditions do not permit coral to flourish. Their 
complete covering of the barrier edge and other reefs is deceptive ; they are 
adding nothing to its bulk, and, while hindering, are far from stopping the decay 
of the reef. Evidence is given that the present surface of the outer slope 
was formed at some depth within the reef and probably well behind the original 
outer edge. 


(5) The history of the changes in the fauna and flora of lagoon reefs due 
to the flood of January, 1926, is carried on to three and a half years later. 
It has involved replacement of coral by Lithothamnioneae over large areas. 


Posrscriet, December 1937. 

Dr. Sewell’s ‘Studies on Coral and Coral Formations in Indian Waters ’ * 
published in 1935, has reached me only lately. 

On p. 487 he attributes to me the statement that the whole ‘ fissure zone ’ 
of the Tahitian reefs is due to radial faulting. In the case of Tahiti and its 
neighbours I prefer the term ‘ trench ’ to ‘ fissure ’ as more descriptive of what 
is actually seen. These trenches are due, I consider, to the outwash of the 
surf, but cracks at the bottom of some of them indicate that they may originate 
through the scouring out of radial cracks in some cases ; that this should be 
so in all is possible, but not proved. How many such cracks exist it is impossible 
to say, as, except in such scoured trenches they are, of course, invisible. 

On p. 523 he states that the absence of corals on the vertical (or nearly 
vertical) sides of lagoon reefs ‘ cannot be solely attributed to erosion of the 


* *Geographic and Oceanic Research in Indian Waters.—Pt. VIII. Memoirs of the 
Asiatic Society of Bengal, vol. rx, No. 8, 1935, pp. 461-540. 
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basis’ and thinks that lack of sunlight may be important. Such a slight 
reduction of light has not been proved experimentally, or observed in nature, 
to affect the growth of corals to any great extent; but, on the other hand, 
quite a light sand rasp will prevent the settling of larvae of corals and most 
other animals. These vertical walls, so admirably adapted for, e.g. molluscs, 
sponges, ascidians, and polyzoa, none of which need light and most of which 
are confined to shaded habitats, are practically bare. They do not bear 
stunted or deformed corals, but none at all. This fact, and especially their 
verticality, suggest to me a strong and effective erosion. 

On p. 534 he writes, ‘In Tahiti, Moorea, and Rarotonga these deep channels 
[the Passes, C. C.] can be seen to correspond to the mouths of rivers, and therefore 
[italics mine, C. C.] can be clearly attributed to the deleterious effects of fresh 
water on coral growth, and to the submergence of the river valley.’ This 
I believe I have proved to be taking a coincidence for proof. Valleys and 
streams are so abundant in Tahiti that a river could be found more or less 
opposite any pass, and ignores the case I give on p. 730 (1928 a) of the main 
stream of the N.E. part of the island which flows over a reef at its mouth, 
as it has been known to do for at least 100 years, and the effects of an exceptional 
flood described later. It also ignores the fact that a large stream will form 
a broad shallow layer of fresh water over the lagoon, which, drifting about 
with the wind and currents, is quite incapable of erosive or other action over 
a small fixed area of the reef edge. Such action would be possible only where 
the maritime plain extends to the reef edge, where it would then form a gap 
rather than a narrow pass. I give evidence above that this was the case 
quite recently at Pa’ea Gap, and the same probably applies to certain gaps 
on the eastern part of the south coast. The evidence for the origin of the 
broad Punaruu Gap is less clear, though it is certainly widening rapidly under 
the indirect influence of the river. 

Consider again such a pass as that of Pape-ete, which, as shown on p. 601 
(1928), is a shallow notch in the reef separated by a depth of 25 fms. from 
the mouths of the trivial brooks which flow into Pape-ete harbour. If, as 
Sewell remarks, this formation of passes by rivers is impossible in the case of 
atolls, why should it be assumed to be not only possible but self evident in 
Tahiti / 

The greater abundance of passes on the lee side of an atoll I suggest is a 
case of the generally observed fact that most reefs are less thoroughly con- 
solidated to leewards, the surf being a great consolidating agent where living 
corals abound. Probably the windward reefs formed a continuous hard 
surface while the leeward remained lower and _ partially consolidated, and 
the radial faulting, due to slipping of the coral mass on a loose foundation, 
which I suggested .as an explanation of the Tahitian structures, is probably 


equally applicable to atolls. 
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EXPLANATION OF THE PLATES. 


PLATE 12. 
The barrier edge. 


. Fisherman crossing the surf at the southern canoe pass on a very calm day. The 


reef is covered with corymbose species of Acropora, here stalkless, but as they 
are at a slightly lower level than usual, they partially develop their vertical 
branches. 


. The high level edge south of Maraa Pass, the lagoonward side, showing abrupt 


descent with water from a spent wave pouring over into the lagoon. The step 
is here exceptionally high above lagoon level. 


. The same, showing the lower, seaward side, with pothole erosion and slabs of growing 


Acropora ; Porolithon knobs further seawards. The rough appearance of the high 
flat is due to soft weed. 


Puate 18. 
Pa’ea and Punaruu Gaps. 
The south side of Punaruu Gap. Coral sand gives place to gravel of mixed coral 
and basalt, with a bar of the same cemented into hard rock, seawards, over 
which a violent current is pouring into the gap. 


. North of Pa’ea, looking towards the gap in the barrier reef. Shingle spit and 


line of calerete rock. 
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Scientific results of the Cambridge Expedition to the East African Lakes 
1930-1.—No. 19. Coleoptera of the families Dytiscidae and Gyrinidae. 
By J. BaLrour-Browng, M.A., F.Z.S., F.R.E.S. (formerly Frank Smart 
Student (Zoology), Cambridge). (Communicated by Prof. W. A. F. 
BaLrouR-Browng, F.L.S.) 


(With 6 Text-figures) 
[Read 20 January 1938] 


Tuts numerically small but interesting collection comprises about 200 specimens 
representing 19 species of Dytiscidae and 4 species of Gyrinidae. Of the total 
number of species represented two, possibly three, are new to science, and 
a further seven are, I believe, new records for Kenya and Uganda. 

As in Abyssinia, the main bulk of the fauna is Ethiopic, consisting of species 
more or less widely spread throughout South and East Africa. Two West 
African species, Hydrovatus affinis Rég. and Hydrovatus senegalensis Rég., 
not hitherto recorded elsewhere in Africa are present in the collection. 
One species, Laccophilus (Philodytes) wmbrinus Motsch., is of some interest. 
It was described from Egypt and was until recently regarded as a purely 
Palaearctic species. However Gschwendtner (Ann. Transvaal Mus., Xvi, 
1935, p. 15) records the species from the Kalahari Desert. It is present in 
the collection from Kenya, and I have also specimens from North Nigeria. 
It does not appear possible that these records are due to a sudden recent 
migration ; the distance apart of the localities appears to exclude this possi- 
bility, and it remains an interesting speculation to account for the absence 
of the species from previous collections. 

The occurrence of the species of Hydrovatus mentioned above is of interest, 
and I am of the opinion that many of the distribution records will require 
revision when the genus has been revised and the specific characters put on 
a proper footing. 

One species, Hretes sticticus L., is world-wide, and four are found throughout 
Africa. One only appears to be principally Central African, but it is a sub- 
species of a West African form. 

One species, Synchortus imbricatus Klug, appears to have been unrecognized 
since its first description 80 years ago. I think it is quite probable that it has 
been taken, but wrongly identified. The description is very meagre, occupying 
only four lines, and the species in the genus are exceedingly hard to identify, 
but I have no doubt that these specimens are attributable to this species. 

The entire collection has been deposited in the British Museum, 
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I should like to take this opportunity of thanking Dr. Hugh Scott for his 
kindness in entrusting the collection to me, and also M. Burgeon of the Congo 
Museum and M. Colas of the Paris Museum for the loan of specimens from 


the collection under their care. 
The figures are camera lucida drawings from Euparal mounts. They are 


to various magnifications. 
DYTISCIDAE. 


I. NOTERINI. 


Genus SyNcHORTUS Sharp. 
Sharp, On Aquat. Carn. Col., 1882, pp. 264, 835. 
1. SYNGHORTUS IMBRICATUS Klug. (Fig. 1.) 


Noterus imbricatus Klug, Monats. Ber. Acad., 1853, p. 249; in Peters, Reise Moss., 
1862, p. 76, t. 10, Ff. 249. 

Noterus imbricatus Sharp, On Aquat. Carn. Col., 1882, p. 823. 

Synchortus imbricatus Régimbart, Mem, Soc. Ent. Belg., rv, 1895, p. 121. 


This species appears to have been unrecorded since the original description 
by Klug. As stated by Régimbart, the species is closely related to asperatus 


Fie. 1.—Aedeagus of Synchortus imbricatus Klug, lateral view. 


Fairm., from which it is slightly distinguishable in the aedeagus, the apex of 
which in asperatus is broadly chisel-shaped and only weakly notched immediately 
in front of the apex ; in imbricatus the apex is narrower and more deeply 
notched in front of the apex. 
The elytral punctures in imbricatus are finer, less asperate, than in asperatus. 
The females are difficult to distinguish, but the asperate punctures in imbricatus 
appear more evenly diffused and more uniform in size over the whole elytra, 
in this respect very similar to rugosopunctatus Wehn, as described by Sharp, 
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which I have not seen. Beneath, imbricatus is paler, more flavo-testaceous 
than asperatus. 
Length, 3-33 mm. 
Localities :— 
WioanceeLake:Ndward 9. 7... 7.) .- 1p 4 16:8, 7-9. 
Lake Kijanebalola . . . Pea See 43,69. 
Recorded distribution.—Tette (? Tete), Porneners East Africa. 


Il. HYDROCANTHINI. 
Genus CANTHYDRUS Sharp. 
Sharp, On Aquat. Carn. Col., 1882, pp. 269, 838. 
2. CANTHYDRUS BIGUTTATUS Rég. (Fig. 2 0.) 


Canthydrus biguttatus Régimbart, Ann. Mus. Genova, (2), Xv, 1895, p. 188; Mem, 
Soc. Ent. Belg., rv, 1895, p. 123 


A long series of this little species, which I follow Mrs. Omer-Cooper in 
regarding as distinct from notula Er. 


Fra. 2.—a. Aedeagus of Canthydrus ugandae, sp. n., lateral view. 6. Aedeagus of 
Canthydrus biguttatus Rég., lateral view. 


Length, 24-34 
Localities :— 
Kenya: Lake Baro pecan bee ie ee te Fe Ls 27 specimens. 
TakesHannineton, = 25... «= - Ll 
Lake Naivasha . . . 6 55 
Lake Rudolf (shallow Water near Pants 
of River Kaliokwell) . . . . . a 


Uganda: Lake Edward 
Lake George <I OR Cae 
Lake Kijanebalola . . . - + + + 


wmpownw 
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Recorded distribution —West Arrica: Senegal, Sierra Leone, Gold Coast, 
Cameroons, Congo. East Arrica: Somaliland, Kenya, Tanganyika. CENTRAL 
Arrica: Belgian Congo, Kalahari. 


3. CANTHYDRUS UGANDAE, sp.n. (Fig. 2 a.) 

Ovalis, postice attenuatus, convexus, nitidissimus, persubtilissime vix 
visibiliter reticulatus, niger, capite antice plus minus late, aliquoties fere 
omnino flavo, pronoto ad angulos anteriores saepe angustissime saepe latiore 
rufo-flavo, elytris nigerrimis, iridescentibus, ad latera pone medium macula 
parva rotunda flava, ornatis, punctis serierum rarissimis et irregularibus ; 
subtus nigricans, prosterno, segmento ultimo abdominis, pedibusque fusco- 
rufis ; antennis palpisque flavis. 

This species is remarkably constant in colour, the only variation being 
in a slight extension of the yellow colour at the front of the head and the 
anterior pronotal angles. In all the specimens I have seen the round yellow 
spot just behind the middle of the elytra near the margin is present. It is 
extremely close to C. morulus O.-C., but differs from that species in the form 
of the aedeagus, in being rather more roundly attenuate behind, and in the 
colour, in which character it closely resembles C. biguttatus. 

Length, 24-2? mm. 


Localities :— 

Uganda: Lake Kijanebalola . . . . . . . 3 specimens. 
Laker arch 1c) gee mene _ 
Ankole Dist., Lake Nakavali . . . . 9 _ 


I have also 39 co-type specimens from Kampala (Kampala, Kitante Swamp, 
Munyolo, Munyonyo, and Old Entebbe) from the collections of G. L. R. 
Hancock and G. H. E. Hopkins. 


Genus HyDROCANTHUS Say. 


Say, Trans. Am. Phil. Soe., 11, 1825, p. 105. 


4. HYDROCANTHUS WITTE! Gschw. 
Hydrocanthus wittei Gschwendtner, Rey. Zool. Afr., xx, 1930, p. 221. 


Two specimens which I ascribe to this species, of which I have not seen 
an authentic specimen. They agree closely with the description and the 
aedeagus is similar to the figure given by Gschwendtner. 

Length, 7} mm. 

Localities :— 

Uganda : Ankole Dist., Lake Nakavali . . . . 14,19. 

Recorded distribution.—Belgian Congo (type). Kenya (!) (coll. Allen 
Turner), Tanganyika (!) (Dr. C. Cristy Exp.). There is also one specimen 
in the British Museum collection labelled ‘ White Nile z: 
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Ill. Laccoruiuini. 


. Genus LaccoPHiILus Leach. 
Leach, Zool. Misce., 111, 1817, p. 69. 


Subgenus PHILODYTES, nov. 

The new subgenus is distinguished from Laccophilus s. str. by having the 
spurs at the apex of the hind tibiae acuminate at the apex and by the single 
broad laminar claw of the hind tarsus enclosed in a recess caused by an 
elongation of the dorsal and ventral margins of the fifth segment of the tarsus, 
the dorsal extension being as long as or longer than the claw. The claw is 
only able to move in a lateral direction. In Laccophilus s. str. the hind tarsal 
claw is spinose and freely movable in any direction. There is only one species 
in the subgenus, Laccophilus umbrinus Mots., which is therefore the type 
of the subgenus. 


5. LACCOPHILUS (PHILODYTES) UMBRINUS Mots. 


Laccophilus wmbrinus Motschulksy, Etud. Ent., vi, 1859, p. 83. 
Laccophilus umbrinus Sharp, On Aquat. Carn. Col., 1882, p. 822. 
Laccophilus umbrinus Gschwendtner, Ann. Transvaal Mus., xvu1, 1935, p. 15. 
Laccophilus luridus Schaum, Berl. Ent. Ztschr., vo, 1864, p. 107. 
Laccophilus luridus Sharp, On Aquat. Carn. Col., 1882, p. 304. 

Laccophilus luridus Régimbart, Mem. Soc. Ent. Belg., Iv, 1895, p. 130. 


A short series of this uncommon species quite similar to specimens from 


Egypt. 
Length, 5-53 mm. 
Localities :— 
Kenya: Lake Naivasha . - - + + ; 1 specimen. 
Lake Rudolf (near mouth of River Kaliok- 
well) op ak? 14 ee ere eee Rs 
(near Mount Moitat). . . 1 % 


Recorded distribution —Egypt (types), Sudan. CEnTRAL Arrica : Kalahari. 
West Arrica : Nigeria (!) (not previously recorded, coll. F. D. Golding). 


IV. HyDROVATINI. 


Genus Hyprovatus Mots. 
Motschulsky, Etud. Ent., Iv, 1855, p. 82. 
6. HyDROVATUS SENEGALENSIS Rég. 
Hydrovatus senegalensis Régimbart, Mem. Soc, Ent. Belg., 1v, 1895, p. 102. 


Two specimens of this pretty little species, exactly comparable with a 
specimen from Cape Verde, Senegal, mentioned by Régimbart as sent to Sharp 
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and identified by him as ‘ maculatus var.?’. H. maculatus Sharp is quite 
distinct from H. senegalensis by the presence of a reticulation on the elytra, 
the less impressed punctuation, and the simple apical antennal segment of the 
male. 

H. senegalensis appears not to have been recorded from elsewhere than 
Senegal, and the present record constitutes a further instance of the occurrence 
of West African forms in East Africa. 

Length, 24-23 mm. 

Localities :— 

Kenya: Lake Baringo. . rey oe ad Boyd bs 

Recorded distribution. —WEST Leah: emis 


7. HyDROVATUS AFFINIS Rég. 


Hydrovatus affinis Régimbart, Mem Soc. Ent. Belg., rv, 1895, p. 108. 
? Hydrovatus affinis Gschwendtner, Rev. Zool. afr., xrx, 1930, p. 194. 


The series of this species is comparable with a specimen in the British 
Museum collection from Addah, Gold Coast, bearing Wehncke’s MS. label 
‘affinis Wehncke ’, the name which Régimbart adopted. All the specimens 
of this species that I have seen, numbering about forty, are females, and I 
have a strong suspicion that it is a second form of the female of H. ferrugineus 
(Wehn.) Zimm. (obscurus Rég.), from the same locality. 

The species is recorded from the Belgian Congo by Gschwendtner, but a 
single female identified by him, from Moanda, in the Congo Museum, which 
I have seen through the kindness of M. Burgeon, is not H. affinis but H. badius 
O.-C., a species described from Abyssinia and which is common in Uganda. 
I have not seen specimens of H. affinis from Uganda. It is not in the large 
collections of Messrs. Hancock and Hopkins from Kampala. 

Length, 23-24 mm. 

Locality :— 

Kenya: Lake Baringo. . . ec) My wees teks yy 

Recorded distribution —WEsST perce Gold Coast. 


8. HyDROVATUS MEDIALIS, sp.n. (Fig. 3 a.) 


Breviter ovalis, postice attenuatus, breviter acuminatus, ad humeros 
leviter inflatus, nitidus, fusco-ferrugineus, ad latera prothoracis dilutior, subtus 
ferrugineus, subtilissime conspicue (in elytris obscure) reticulatus, capite 
pertenuissime et remote, pronoto fortius et densius ad basin, tenuiter ad 
discum, elytris fortiter parum dense, punctatus ; capite utrinque fortiter 
punctato impresso, clypeo in medio sat tenuiter marginato, ad latera leviter 
curvato. Unguiculis anticis maris sat longis, leviter curvatis, inaequalibus 
interno paulo breviore ; antennis maris brevibus, articulis 6-9 dilatatis e 
planatis ; antennis feminae simplicibus, 
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This new species is closely similar to H. laticornis Rég. from West Africa, 
but it is slightly larger ; the male antennae are much shorter and the dilated 
segments differ ; the individual segments from 4 to 10 are broader in comparison 
to their length than the corresponding segments of H. laticornis (see fig. 3 0). 

The aedeagus in the majority of these small African species of Hydrovatus 
is of exactly the same form, and I am unable to detect any material difference 
between these two species in this character. By former practice they would 
be grouped as varieties one of another, but I have no doubt that the differences 
are of a true ‘ specific ’ standard. 

The type of this species is from Kampala, Uganda, coll. Hancock, whence 
comes a short series. Through the kindness of M. Burgeon I have seen a single 


Fig. 3.—a. Antenna of ¢ Hydrovatus medialis, sp. n. b. Antenna of 
$ Hydrovatus laticornis Rég. 


specimen from Katanga, Belgian Congo, which had been identified a6 
H. abraeoides Rég. by Geschwendtner. It is not that species, however, having 
a ‘ polyhedrisch ’ reticulation of the H. confertus-type, whereas the elytral 
reticulation of H. abraeoides, the type of which I have seen, is of the ° schraffen- 
artig’ H. subparallellus-type. 1 hope shortly to complete ay revision of 
the Ethiopian species of this genus based on a re-examination of the types. 

Length, 22-23 mm. 

Localities :— ; 

Uganda : Ankole Dist., Lake Nakavali. - - + + + + * LG 
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9, HypROVATUS MUNDUS O.-C. (Fig. 44, 6.) 
Hydrovatus mundus Omer-Cooper, Proc. Zool. Soc. Lond., 1931, p. 762. 


? Hydrovatus mucronatus Zimmermann, Ent. Blatt., xx, 1926, p. 24. 
? Hydrovatus mucronatus Gschwendtner, Rev. Zool. afr., xxi, 1932, p. 12. 

This species was described from a single female from Abyssinia. The length 
is 4:25 mm., not 5°2 mm. as stated by Mrs. Omer-Cooper. Compared with 
a number of specimens I have seen the type is a pale, possibly not quite mature 
specimen. The colour varies from almost entirely jet-black, with only the 
anterior part of the head reddish, to dark castaneous, with the anterior part 
of the head and sides and disc of the pronotum pale castaneous. The form: 
is elongate-oval, broadest about the middle, considerably behind the shoulders, 
and acuminate posteriorly. 


Fig. 4.—Aedeagus of Hydrovatus mundus O.-C. : (a) lateral, (6) dorsal. 


The male has the basal segments of the anterior and intermediate tarsi 
broadly dilated, so that the segments are nearly transverse. The anterior 
claws are unlike ; the inner weaker, strongly curved downwards through a 
right angle at about half its length, the outer very strong and stout, much 
compressed laterally and sharply bent downwards at rather more than a right 
angle at about half its length. The clypeal margin is similar in both sexes. 

The female is dimorphic, certain specimens having a very strongly impressed 
reticulation over the whole dorsal surface which almost obliterates the punctua- 
tion, others closely resembling the males. 

The aedeagus is very characteristic in lateral view, very strong and stout. 
Fig. 4 gives an adequate idea of its form. 
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Through the kindness of Dr. René Malaise of the Naturhistoriska Riksmuseum, 
Stockholm, I have been able to examine and dissect the type of H. mucronatus 
Rég. from Kilimanjaro. It is very distinct from this species, and also from the 
Natal (Bell Marley) specimen in the British Museum collection mentioned by 
Régimbart. 

The redescription of H. mucronatus given by Zimmermann does not fit 
Régimbart’s species. It is just possible that it might be H. mundus, but the 
description of the aedeagus as ‘ flach convex, breit, nach vorn gleichmassig 
zugespitzt ’ is scarcely suitable. 

Through the kindness of M. Burgeon of the Congo Museum I have seen 
a female from Katanga, Belgian Congo, identified as H. mucronatus, by 
Gschwendtner. This, again, is certainly not Régimbart’s species. It may 
perhaps be the species so named by Zimmermann. It resembles H. mundus 
in form and colour, but has the punctuation more sharply impressed on the 
pronotum and elytra. A definite determination must await the examination 
of a male. 

Length, 4:0-4:5 mm. 


Localities :— 

Ronyartlake Baringo. 7 fe ye ee 24, 5 Q. 

Uganda : Lake ica ee ee ee ee a ee 2 Oy t Q. 
Take Kijanebalola 2. = =. -9 4 6 # + 2 9. 
Anbole Distelake Nakavali- x=. < =~ <7. 1&. 


Recorded distribution—East Arrica: Abyssinia (type), Sudan (!) (not 
previously recorded), Uganda, Nyasaland (!) (not previously recorded). 
West AFrica: Gold Coast (!) (not previously recorded). 


V. HYPHYDRINI. 


Genus Hypuypevs Illig. 
Illiger, Mag. fur Insektenkunde, 1, 1802, pp. 293, 369. 
10. HypuypRus GRossus Sharp. 


Hyphydrus grossus Sharp, On Aquat. Carn. Col., 1882, p. 378. Régimbart, Ann. 
Soc. Ent. Fr., ux, 1894, p. 229; LXxv, 1906, p. 241: Mem. Soe. Ent. Belg., 
Iv, 1895, p. 51; Gschwendtner, Ann. Transvaal Museum, XVII, 1935, p. 18; 
Peschet, Voy. M. Guy Babault, 1921, p. 12; Omer-Cooper, Proc. Zool. Soe. 
Lond., 193], p. 763. 
Asingle specimen, with a dark elytral pattern more closely similar to H. crassus 
Woll. than any other specimen of H. grossus 1 have seen. 
_ Length, 4:0 mm. 
- Locality :— 
Uganda : Kigezi Dist., Takesbunyobly = a se. 1g. 
Recorded distribution —Soutu AFRICA ° Caffraria (type), Cape Province, 
Natal, South Rhodesia. Fast Arrica: Kenya, Uganda, Abyssinia. WEST 


Arrica : Angola (!) (not previously recorded). 
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VI. BIDESSINI. 


yenus BrpESSUS Sharp. 
Sharp, On Aquat. Carn. Col., 1882, pp. 344, 852. 


Subgenus CLYPEODYTES Rég. 
Régimbart, Mem. Soc. Ent. Belg., rv, 1895, p. 61. 


J see no justification for the re-separation of Clypeodytes from Bidessus 
by Mrs. Omer-Cooper as equivalent genera. There appear to be intermediate 
forms connecting the two, and the character does not seem to me of sufficient 
importance to justify a generic distinction. 


11. CLyPpEopyTES (ovATUS O.-C. 2 forma f verisim.). 

Oblongo-ovalis, minus latus, modice convexus, rufo-flavus, in elytris magis 
sordide cum maculis obscuris nigris. Capite tenuiter punctulato, pertenuis- 
sime reticulato, pronoto sat remote, in disco tenuius, ad basin fortius, punctato, 
tenuiter reticulato, plica utrinque angulata, in elytris sat longe continuata, 
elytris sat dense fortiter punctatis, tenuissime reticulatis, carinulae vestigia 
nulla extus praebentibus. Antennis pedibusque rufo-flavis. Mas ignotus. 

This specimen is extremely similar to C. ovatus O.-C. in size, form and colour, 
but has the head a little more copiously punctulate, the punctuation of the 
disc of the pronotum finer, less impressed, and the elytral punctuation finer 
and more copious and less clearly impressed, also the pronotum and elytra 
are clearly but lightly reticulate, so that the surface is dull, not shining. It 
seems preferable to regard them as conspecific, and this specimen as a second 
form of the female. 

Length, 2 mm. 

Locality :— 

Uganda: Lake Hdwardi) 299 gi. 9.0 = eee 


Subgenus BIDESSUS s. str. 
12. BrpEssus AETHIoPicuS Rég. (Fig. 5.) 


Bidessus geminus var. aethiopicus Régimbart, Bull. Mus. Paris, 1907, p. 127. 
Bidessus geminodes Omer-Cooper, Proce. Zool. Soc. Lond., 1931, p. 772. 

I have been able to examine and dissect a male example from Régimbart’s 
collection, and this shows B. aethiopicus to be a distinct species with ‘ winged- 
form” parameres, very distinct from the form shown in B. geminus. The 
long series from Abyssinia attributed to B. geminodes by Mrs. Omer-Cooper 
is not that species, but is B. aethiopicus Rég. B. geminodes Rég. is purely 
Mascarene, and is not known from Continental Africa. (The so-called variety 
zanzibarensis Rég. is a very distinct species with which B. orarius O.-C. is 
conspecific, as I have been able to prove by dissections.) 
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The single female which I here attribute to this species is smaller than 
Régimbart’s types, but is quite similar to specimens in Omer-Cooper’s collection 

Length, 2 mm. 

Locality :— 

epandacs Lake GOOIsOmer ales. «s- « ve «-*s « « 19, 

Recorded distribution.—Abyssinia. 


Fig. 5. Fig. 6. 


Fia. 5.—Aedeagus of Bidessus (s. str.) aethiopicus Rég., dorsal view. 
Fra. 6.—Aedeagus of Bidessus (s. str.) vitchumwii Gschw., dorsal view. 


13. BrpEssus vircHumwuit Gschw. (Fig. 6.) 


Bidessus vitchumwit Gschwendtner, Rev. Zool. Afr., XXvII, 1935, p. 373. 


This species is closely related to B. angularis Klug and B. plagiatus Kolbe 
in the form of the aedeagus, which has the apex of the central lobe armed with 
four groups of short ‘spines’. The description of the aedeagus given by 
Gschwendtner is misleading in omitting all reference to this character, which is 
of considerable importance as to the position of the species in the genus. 
The species is smaller than either of the above-mentioned species and closely 
resembles B. plagiatus in colour, but has the black pattern of the dorsum 
somewhat less extensive, the head unicolorous and more finely punctulate, 
the elytral punctuation finer, and the aedeagus slightly different. It is easily 


distinguishable from angularis by the colour. 


7 
-_ 
7 


CONSTITUTION OF INTERTIDAL FAUNA AND FLORA OF SOUTH AFRICA 487 


The constitution of the intertidal fauna and flora of South Africa.—Part I. 
By T. A. StepHEnson, D.Sc., F.L.S., Professor of Zoology, University 
of Cape Town. 


(With Plates 14-17 and 13 Text-figures) 


[Read 25 October 1937] 
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I. INTRODUCTION. 


During the five years 1932-7 an ecological survey of the South African 
coasts has been initiated from the Zoology Department of the University 
of Cape Town, and similar work has been carried out from the Department 
of Botany. The work from the Zoology Department has been done partly 
by myself and partly by collaborators working under my direction. It is 
hoped that the results referring to specific localities will be published as a series 
in South African journals, but it seems desirable to publish those of more 
general interest, applying to the whole coast, in a European journal. The 
first paper of the South African series has already appeared in Trans. Roy. 
Soc. S. Africa, vol. 24, pp. 341-82, and this includes an account of the objects 


and scope of the survey (pp. 342-4). 


The present contribution summarises the work of the first five years. 
In Part I zonation and the distribution of the Patellidae are dealt with, in 
Part IL the subdivision of the fauna and flora of the coast into geographical 
components (based partly on the contents of Part I) will be described. Nothing 
is repeated here which has been or will be published in South Africa, except 
in so far as a summary necessarily uses a selection of facts from more detailed 
local accounts. Figs. 1-3 are repeated with alterations from Trans. Roy. 
Soc. §. Africa, vol. 24, since these are maps whose presence is essential to 
the understanding of the text. 
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The field-work of the survey has been carried out primarily by E. J. Eyre, 
K. M. F. Bright, Anne Stephenson and myself, with subsidiary assistance from 
G. F. Papenfuss, C. A. du Toit, M. Wood, G. J. Broekhuysen, I. Crichton and 
E. von Holdt. The two first mentioned will be the authors of some of the 
South African papers describing specific districts, and in preparing this account 
I have had access to their unpublished manuscripts. In addition, certain 
information has been used from an unpublished thesis on limpets by W. G. H. 
Coaton, this information being acknowledged where it occurs in the text. 
I wish to thank my collaborators sincerely for their indispensable assistance. 
I am further indebted to G. J. Broekhuysen for the photographs reproduced 
in Plate 15, Plate 16, fig. 2, and Plate 17, fig. 1. The whole of the work described 
here has been dependent on the invaluable services of the systematists who 
have identified our material. The names of these workers are given in the 
papers of the South African series. 

The conclusions drawn in the following pages are based primarily upon 
general surveys made in seven districts along the coast, with the addition of 
information gained by shorter visits to other localities. The seven principal 
districts are (from west to east) Port Nolloth, Oudekraal, St. James, Still Bay, 
Port Elizabeth, East London and Durban. Of the 55 localities visited altogether 
(listed on p. 513) I have examined 38 myself. 

For purposes of description and reference, the coast has been divided into 
three sections, delimited as follows. 


West coast. From the Orange River to Cape Point. 
South coast. From Cape Point to Cape Padrone (east of Algoa Bay). 
East coast. From Cape Padrone to Durban. 


This subdivision is arbitrary, but it is in reasonable accordance with the 
distribution of topographical features, currents and organisms, and is con- 
venient for the purposes of this work. 

The temperature conditions in the coastal waters of South Africa have 
been indicated briefly, with illustrative curves, in an earlier publication 
(T. A. & A. Stephenson and C. A. du Toit, 1937); and have been discussed 
in much more detail in an interesting paper by W. E. Isaac (1937 a). From 
these accounts further references may be obtained. For present purposes 
it will be enough to repeat that the east coast of South Africa is influenced 
(most markedly in its northern part) by the warm Agulhas current (fig. 3), 
and the west coast by the upwelling of a body of cold water known as Antarctic 
intermediate water. The south coast is an intermediate region, less directly 
affected by the Agulhas current than the east coast, and subject to certain 
complicating influences, especially to westward. The following figures, taken 
from Isaac’s paper (p. 656), give an indication of the actual temperatures 
involved. They represent mean annual surface temperatures at several 
localities, arranged in order from west to east, For an interpretation of the 
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exact significance of the figures (which are somewhat misleading as they stand) 
reference should be made to Isaac’s paper. 


West coast. South coast. East coast. 
Walvis Bay 16-1° C. Simon’s Bay 15:3° C. East London 17-6° C. 
Saldanha Bay 14:8°C. Muizenberg 16-6° C. Port St. Johns 19-3° C. 
Dassen Island 13-45° C. Hermanus 14-6° C. Durban 21:8° C. 


Robben Island 14:2°C. Danger Point 15-6° C. 

Cape Town Pier 12:8°C. Cape Agulhas 17-7° C. 
Struys Bay 17-4° C. 
Knysna Heads 16-8° C. 
Cape St. Francis 17-25° C. 
Bird Island 18-2° C. 


Certain deliberate omissions have been made from this paper. Its aim is 
to describe in outline the distribution of organisms on the three coasts as dis- 
tinguished above, and it includes no discussion of the distribution of physical 
and chemical conditions round the coast, or of their relation to the organisms. 
This discussion, however, is only postponed until fuller information is forthcoming 
which will make it more profitable. Meanwhile, there is little doubt that of 
the factors involved temperature is the leading one, and that the distribution 
of phosphate and nitrate is an important accessory factor. 

Lastly, the following comment appears desirable. The work upon which 
the conclusions of this paper are based is necessarily of a preliminary character. 
The regions surveyed are separated by long stretches of coast which it has not 
been possible to visit ; the collections made do not represent the whole fauna 
and flora of any place visited ; and it is a difficult matter to certify absolutely 
the absence of a given species from a given place. The workers engaged in 
the survey, however, have been fully alive to the dangers arising from these 
limitations, and have corrected for them as far as possible. In this connection 
the following points are relevant. 


(1) It is always possible that species absent from two widely-separated 
localities may be present between them, and vice versa. This means that 
no complete and final pronouncement on the flora and fauna of such a long 
coast-line can be made until many more places have been examined. Since 
such an examination will take many years to effect, it seems advisable to 
utilise what information we have. It is well worth while to develop a working 
hypothesis, because only by doing so can any conclusions emerge at all, and 
until there are conclusions they cannot be checked and amplified by further 
work. It has been attempted throughout to neutralise the effects of local 
variation as far as possible by studying more than one area of seashore in each 
district surveyed. 

(2) The lists of species present at the localities surveyed, based upon the 
collections made, are necessarily incomplete, the conditions of the work 
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Fig. 2.—The Cape Peninsula. Based on part of the map of the south-western portion 
of the Cape Province, issued by the Union Director of Irrigation, 1934. 
1 Green Point, 2 Camps Bay, 3 Leeuwgat, 4 Kommetije, 5 Witsands, 6 Schusters 
Bay, 7 Platbank, 8 Partridge Point, 9 Froggy Pond, 10 Glencairn, 11 Kalk Bay. 
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absolutely preventing their being exhaustive. They represent a much closer 
approach, however, to being complete lists of common species than to being 
complete lists of the total population. Since it is the distribution of the common 
(and on the whole this means the ecologically significant) species which is 
in question, the absence of complete lists is less important than might at first 
appear. Again, some sections of the population are better represented in the 
lists than others, but comparisons are avoided wherever the data are too 
limited. On the other hand, it cannot be denied that a comparison of a list 
of 250 species or more from one locality with a similar list from another is 
significant if handled carefully, especially where a high proportion of the 
ecologically important species is represented in both lists. 

(3) It is necessary to base conclusions upon the absence as well as upon the 
presence of given organisms at given places. The precaution is taken here 
of deciding in advance, wherever possible, which important species may be 
expected to be missing from a locality to be surveyed, and definitely looking 
for them there. Unless this has been done no conclusion is based upon their 


apparent absence, the assumption being made that they may have been present 
but overlooked. 


II. ZoNATION IN THE INTERTIDAL ARBFA., - 


Modern studies of zonation on the seashore are commonly accompanied by 
detailed determinations of level along selected traverses (e.g. Colman 1933, 
Kitching 1935, Hewatt 1937). Such studies are most attractive, since they 
permit of a precision in the statement of results which is hardly otherwise 
attainable. Unless the data obtained from them are checked, however, by 
general observation on a much larger scale, they are apt to give too local and 
restricted an impression of the zonation involved, and may also, in their con- 
centration on detail, overlook some of the aspects of more general interest. 

At the Cape a beginning has been made with surveyed traverses in the 
usual way in False Bay, and an account of these will be published elsewhere ; 
but in connection with the preliminary general survey, dealing with places 
distant from as well as close to Cape Town, circumstances have hitherto made 
the use of such traverses impossible. Whilst regretting this, we think that 
it has had some advantages, because it has centred our attention on zonation 
in a broad sense, and has possibly enabled us to visualise some of the essential 
features more clearly than we might otherwise have done. 

Although the vertical distribution of organisms on a rocky face can be 
correlated with tidal data most satisfactorily where surveyed traverses are 
available and can be used in conjunction with local tide-gauge records, it is 
also possible to form a satisfactory general conception of the relationship of 
zones to tidal levels by watching the rise and fall of the tide directly, at spring 
and neap tides, at a given place. It is by the latter method that the following 
statements have been checked, as far as circumstances permitted. Unfortu- 
nately such work is at a disadvantage in the Cape, because round the whole 
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coast the conditions (except in sheltered bays and inlets) are oceanic, and 
the frequently narrow intertidal area is commonly pounded by large waves. 
So much is this the case that conditions of complete calm are exceptional, and 
for carrying out any work at the lower levels for which a quiet sea is essential, 
it is sometimes necessary to wait for weeks. Even when the surface offshore 
appears to be perfectly calm, the swell is often so heavy that large breakers 
are formed in the tidal region. (Typical conditions are illustrated in Trans. 
Roy. Soe. 8. Africa, vol. 24, pl. xx). This renders observations of sea-level 
very difficult, as the surface so frequently has no definite level. It also means 
that the ‘ spray zone ’ and ‘ wash zone ’ (i.e. the belts reached by spray and by 
the wash of waves, respectively, above the part of the shore actually submerged 
at any given time) become particularly important on the South African coast. 

The tides in South Africa are of the semidiurnal type (i.e. with high water 
occurring approximately every 12 hours) and of moderate range. The spring 
rise, according to the Africa Pilot (part III, 1929, p. 40) is from 4-6 feet. The 
mean spring range at Cape Town is 4:6 and at Durban 5-6 feet, according to 
Bauer (1933). The extreme range of springs (greater than the average range) 
is about 74 feet at Simonstown (direct measurement from tide-gauge records). 
Further details can be obtained from the Admiralty Tide Tables, part I, 1937, 
pp. 197, 200, 405 ; and part II, 1932, pp. 70 & 130. 

In the following paragraphs the outlines of the vertical distribution of 
organisms on the South African coast are described, as closely as we have been 
able to determine them up to the present time. The account is intended 
as a basis which can be amplified and adjusted as detailed determinations 
of level become available. 

Wherever the coast-line has been visited, from Port Nolloth in the west to 
Durban in the east, it has been possible to distinguish three principal zones, 
to which we have given the following names (arranged in order from above 
downwards). 

Littorina zone. 
Balanoid zone. 
Sublittoral fringe. 

In addition to these three, there exists along the greater part of the coast 
a distinct belt linking the sublittoral fringe with the Balanoid zone, and 
inhabited by a particularly dense population of limpets, the predominating 
species being Patella argenvillei in the northern part of the west coast and 
P. cochlear on the south coast. This zone has been named the Argenvillei 
zone or the Cochlear zone, according to which species is locally prevalent. 

Diagrams illustrating the arrangement of these zones are given in figs. 5 & 6. 


Littorina zone. 


The Littorina zone is the highest zone of the intertidal region, and overlaps 
into the supralittoral area. It is never wholly submerged, so far as we have 
observed, under ordinary conditions. At high water of ordinary spring tides 
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part of it is submerged and the rest either remains dry or is splashed or washed, 
according to level and weather. Sometimes outlying plants of the Porphyra 
(see below) remain dry or only splashed at high water of spring tides in calm 
weather, but, according to Isaac (1937 6, p. 130), the Porphyra belt is usually 
(on the west coast) ‘ washed or covered at every tide ’. 

The zone is usually bare and inhabited by few species. It is always populated 
by one or more species of Littorina in great numbers, the species being 
L. knysnaénsis along the west and south coasts, and along at least part of the 
east coast, with the addition of L. africana on the south and east coasts *. 
L. knysnaénsis often becomes very large on the west coast. In the Durban 
region L. knysnaénsis was not found during the survey, L. africana is abundant, 
and L. obesa and Tectarius natalensis are also plentiful. Other animals which 
frequently appear in the zone (mainly in its lower part), on one part of the 
coast or another, are the crab Cyclograpsus punctatus, the isopod Ligza natalensis, 
the collembolan Anurida maritima and the gastropods Patella granularis, 
Helcion pectunculus, Oxystele variegata and Thais dubia. Lizards and rats 
often invade the region from above. 

The number of algal species inhabiting the Littorina zone is also limited. 
The principal large form is Porphyra capensis, which frequently forms thick 
mats or sheets on the west coast and in the western part of the south coast, 
but becomes much sparser to eastward. Moss-like algae such as the species 
of Bostrychia are also characteristic—for instance, B. mixta along the south 
coast, the tropical B. tenella and B. Binderi also, in Natal. Calothrix crustacea, 
Isactis plana and other Myxophyceae may be present. 

The use of the term ‘ Littorina zone ’ does not imply that Littorinae, or indeed 
any of the other species mentioned, are confined to this zone. It is intended 
to designate the region above the upper limit of barnacles (or of barnacles in any 
quantity), in which the Littorinae become particularly noticeable. Many 
of the species inhabiting the Littorina zone descend into the Balanoid zone 
also, but while some of them find the conditions of the Littorina zone satis- 
factory or even optimal, others are characteristic of the Balanoid Zone and 
occur only as stragglers above it. 


Balanoid zone. 

This zone extends from the upper limit of barnacles to the wpper limit of 
the zone next below it, whether this be Cochlear zone, Argenvillei zone or 
sublittoral fringe. The term does not imply the whole region im which barnacles 
occur (since they are to be found in the zones below the Balanoid), but the 
region in which they are most conspicuous. It should also be noted that, 
although typically barnacles are present throughout the zone, it is not difficult 


* L, africana is fairly common at Port Elizabeth, and evidently extends further west 
than this, since G. J. Broekhuysen collected three living specimens in False Bay (where 
the species is evidently rare) in 1937. The east coast appears to be the metropolis of this 


form. 
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to find smaller or larger areas from which they are completely absent. In places 
where there are no barnacles in the upper part of the belt, it is difficult to 
detect the upper boundary of the zone ; but an approximation to this boundary 
may be fixed by taking the upper limit of Patella granularis instead of that 
of the barnacles. Most typically the Balanoid zone is distinguishable 
into upper and lower subzones. It is completely submerged at high water 
of springs and completely exposed at low water of springs, but the lowest 
parts remain submerged or continually washed or splashed at low water of 
neaps. 
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Fic. 4.—A key to the conventions used in fig. 5. 


The barnacles which inhabit the zone belong to several species. The most 
widespread are Chthamalus dentatus (Pl. 17, fig. 2), Octomeris angulosa and 
Telrachita serrata ; the two latter at least extend from Port Nolloth to Natal, 
with local variations in abundance. Of these, Octomeris is confined to the 
more seaward and better splashed positions, the other two extend to high 
levels far inshore. Another common species is Balanus algicola, but this is 
of more erratic distribution and is seasonal in appearance. In the eastward 
localities B. amphitrite appears. None of these species is confined to the 
Balanoid zone, and B. algicola in particular is also characteristic of lower 
levels, 

Upper Balanoid zone-—A somewhat arid region possessing many of the 
same species as the Littorina zone, with the addition of barnacles. It is 
distinguished from the lower Balanoid zone by the absence of a number of 
species characteristic of the latter ; but although it accommodates relatively 
few species, some of these are represented by very many individuals. 
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Fig. 5.—A diagram illustrating z 
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a very diagrammatic and somewhat telescoped manner, 
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Characteristic * inhabitants, apart from barnacles, are Patella granularis and 
P. oculus ; Helcion pectunculus and species of Siphonaria ; Oxystele varvegata 
and Thais dubia. Algae on the whole are few, but frequently include Porphyra 
capensis, the moss-like Caulacanthus ustulatus, encrusting forms such as H ilden- 
brandtia pachythallos and H. rosea, and species of Bostrychia and Enteromorpha. 
In the Durban district the barnacles are often accompanied by oysters (Ostrea 
cucullata) and the limpets include Cellana capensis and Patella variabilis ; the 
two latter appear more or less commonly in the East London district also, 
the former only rarely. Most of these species extend in quantity into the 
lower Balanoid zone as well. 

Lower Balanoid zone—Here the species become so numerous that only 
a few indicative forms can be mentioned. In many parts of the coast there 
is a distinct though irregular differentiation of the zone into (a) areas clothed 
by a dense algal growth and (b) areas of bare rock populated mainly by 
animals (fig. 5). There are naturally many areas of intermediate character 
also. The algal growth in question varies greatly from place to place. In the 
west it commonly takes the form of a leafy or bushy coating or of a very 
coarse turf ; along much of the south and east coasts it assumes that of a moss- 
like covering, sometimes so thin and continuous as to resemble velvet. The 
actual composition of these algal growths varies very greatly locally, and 
they consist on the whole of much larger species in the west than in the east ; 
but where the moss-like turf is found it frequently consists in larger or smaller 
proportions of short corallines, often epiphytised, clotted with mud or sand, 
and mixed with other small forms. In the Durban district there is a distinct 
tendency for the mossy growth at the higher levels in this zone to consist 
primarily of Caulacanthus ustulatus and of a diminutive species of Gelidiwm 
(G. reptans) ; while the growth of lower levels is more varied. Apart from 
these turf-like growths, there are naturally isolated plants and tufts, or extensive 
growths, of larger forms +. 

The characteristic animals (apart from the barnacles) include a number of 
sedentary forms. The tubicolous polychaets are important among these. 
Gunnarea capensis (similar in appearance to the British Sabellaria alveolata) 
occurs round the whole coast, its tubes frequently forming masses of considerable 
size. The gregarious tendency of this species seems to increase from east to 
west, and at certain west coast localities its tubes completely cover many 
square yards of rock to a depth of 15 inches. Along the south and east coasts 
the smaller tubes (often, again, forming considerable masses) of Pomatoleios 
crosslandi are much in evidence ; and in many places the tubes of Dodecaceria 
Jistulicola are also abundant. Another characteristic of the zone is the presence 


* The word ‘ characteristic ’ is used in this paper in its ordinary English sense, when 
referring to animals which are of sufficiently frequent occurrence in any zone to contribute 
towards the general character of that zone. The term does not necessarily imply that 
they are characteristic of the zone in question exclusively. 

t+ Ulva, Gigartina, Splachnidium, Codium, Colpomenia, Phyllitis, etc. 
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in many places of groups, masses, or continuous sheets of mussels, and this 
Mytilus belt overlaps into the Cochlear zone also. The indications of the 
survey, so far, are that M. perna is the typical species for the south and east 
coasts, M. meridionalis and M. crenatus for the west coast—with a region of 
overlap in the western part of the south coast *. In the Durban region 
Ostrea cucullata becomes important, particularly in the middle and upper 
parts of the Balanoid zone; at East London it is present, but very scarce, 
and it has not been found further west. A limpet characteristic of the zone 
is Patella longicosta, in the parts of the coast where this species occurs. 

Sea anemones are abundant on the South African coasts, and affect various 
habitats. As in the case of several other groups, some of the species tend 
to occur gregarously and even in close-set formation or in extensive sheets 
(Pl. 16, fig. 2). This applies notably to the large Bunodactis reynaudt, a species 
which displays almost every conceivable combination of colours, including 
bright blue. The most abundant development of this species is found on the 
west coast, where it is very frequently associated with Mytilus. 

The algae of the lower Balanoid zone are too numerous to mention in detail, 
but among them Gelidium pristoides and G. reptans are particularly noteworthy. 
G. pristoides is common at least from Cape Morgan + westward, and frequently 
reaches a length of 12-15 cm. along the south coast. On the west coast it has 
been found as far north as Kommetje, beyond that we have no record of its 
occurrence. G. reptans is a closely allied but smaller form much in evidence 
in the Durban district and plentiful with G. pristoides at East London. 
It occurs also at Port Elizabeth ; and a form which is similar to if not identical 
with it is abundant at localities on the west coast. Another dwarf species 
of Gelidiwm, however (as yet undescribed), exists on the west coast also, and 
the exact distribution of these short forms has yet to be elucidated. 

So far as our work has proceeded, it has seemed possible to distinguish the 
upper Balanoid zone from the lower by its lack of certain of the organisms 
just enumerated (particularly Gunnarea, Pomatoleios, Mytilus, Patella longi- 
costa, Gelidium reptans and G. pristoides). It is not intended to assert that 
these never occur above the lower Balanoid zone in small quantities or in 
exceptional circumstances (e.g. in shady places), but that the upper zone is 
typically devoid of their presence in any quantity. This statement refers to 
open rock-surfaces, exclusive of pools. 


Cochlear and Argenviller zones. 
The Cochlear zone may be defined as the belt extending from the upper 
limit at which Patella cochlear occurs in abundance to the upper edge of the 
sublittoral fringe. In other words, it is the belt in which P. cochlear, if present, 


* There are certain records in existence however, which suggest that, even though 
this conclusion may be correct, the whole range of the three species may be very wide. 
These records will be critically examined elsewhere. 

+ For the Cape Morgan record we are indebted to Dr, G. F. Papenfuss, 
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is most conspicuous ; the species does extend into the sublittoral fringe, but 
is overshadowed there by other forms. The upper limit of the zone is often 
sharply marked, but it is often very irregular in response to local variations 
in wave-action. On the other hand, the transition from Cochlear zone to 
sublittoral fringe is frequently gradual. The Cochlear zone remains submerged 
(or with the uppermost part repeatedly washed) at low water of neap tides. 
At low water of springs the degree and duration of its emergence depends 
very much upon weather and upon local conditions. In many places its lower 
part is washed and its upper part, if not washed, is either splashed or left dry 
only for a short time in ordinary weather, i.e. with considerable wave-action 
in progress. In certain places and on calm days there is more exposure, and 
the zone may be left unsplashed for some time. 

Patella cochlear is most commonly accompanied by lithothamnia * which 
encrust not only the intervals between the limpets, but frequently their shells 
also. The limpets typically form a distinctly regular mosaic on the rock, 
the space between the individuals varying from place to place, but sometimes 
reduced to so little that neighbouring shells are in contact and may even 
deform one another; a density of population of as much as 1315 specimens 
to the square yard is recorded. VP. cochlear is by no means the only species 
of limpet present in the mosaic, but it is typically the prevalent one. In some 
places the mosaic is invaded by tube-building organisms (Vermetus, Dodeca- 
ceria) which construct ridges of calcareous tubes between the limpets, so that 
the latter often come to lie in craters. Lithothamnia which tend to develop 
a thickened thallus may produce the same effect. (Further details referring to 
the bionomics of the species will be found on p. 515.) 

Where the Cochlear mosaic is most typically developed, there are sometimes 
no algae either among or upon the limpets, apart from the lithothamnia already 
mentioned, and the ‘gardens’ (see p. 515) belonging to individual limpets. 
In other areas the mosaic is invaded by algae which occur more densely and 
luxuriantly in the sublittoral fringe, and in yet other areas may be much over- 
grown by corallines and other algae which are characteristic of the same levels 
on the shore as P. cochlear, and some of which tend to overwhelm it. The 
algae belonging to these categories are numerous, and cannot be discussed 
in detail here ; but it may be mentioned by way of example that Gelidiwm 
pristoides is characteristic of this zone as well as of the lower Balanoid, and 
that in many places to westward a growth of brown species of Gigartina 
(G. radula and G. stiriata), and of other species of moderate size, becomes 
important. 

Although the Cochlear mosaic is of very general occurrence in the region 
immediately above the sublittoral fringe, this statement is subject to the 


* In this paper the word ‘ lithothamnia ’ (not italicised and without a capital) is used 
to indicate the encrusting Corallinaceae belonging to Lithothamnion and related genera. 


The word ‘ corallines’ is used to indicate the jointed species belonging to the genera, 
Corallina, Cheilosporum, Amphiroa, ete, 
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following qualifications. The mosaic is to be found from Lamberts Bay in 
the west to East London in the east, but has apparently disappeared on the 
west coast in the Port Nolloth district and on the east coast in the Durban 
region. Moreover, on any shore where it occurs, it does not necessarily occupy 
the whole (horizontal) extent of the zone appropriate to it. It is essentially 
a community characteristic of the parts of any reef in which wave action is 
strong or moderate. In more sheltered and inshore positions it tends to 
disappear, and in such places no Cochlear belt intervenes between the lower 
Balanoid zone and the sublittoral fringe. Even in wave-washed positions 
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Fra. 6.—A diagram showing the relative positions of the zones described in the text, and 
their distribution along the coast. The relative widths assigned to the zones in 
this figure have little significance. The black area represents the Argenvillei 
zone of the northern part of the west coast. The overlap in distribution 
between Patella argenvillei and P. cochlear is not shown here. 


(probably only under unusual conditions) areas not populated by P. cochlear 
can sometimes be found, and these may be occupied by a dense growth of 
corallines or by a short turf composed of these and/or other algae. In certain 
places the Cochlear mosaic occurs in the form of isolated patches in a region 
otherwise coated by algae. 

In the northern part of the west coast, where P. cochlear is apparently absent, 
it is replaced by the larger species P. argenvillet, which, however, frequently 
occurs in similar close-set formation (Pl. 15). So far as we have been able to 
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determine, this Argenvillei zone terminates at a slightly lower level than would 
be reached by the Cochlear zone if it were present. On the southern parts 
of the west coast both P. cochlear and P. argenvillei are abundant, so that 
a zone where both are important is found. In such areas P. argenvillei tends 
to dominate at the lower and P. cochlear at the higher levels ; but there is some 
alternation, and patches in which one or the other predominates are not 
uncommon. Along the south coast P. cochlear is on the whole definitely 
in the ascendant, though P. argenvillei is still fairly common. 

In the Durban district the Cochlear mosaic is once more absent, and is 
replaced by nothing as distinct as the Argenvillei zone. In the region which 
would elsewhere be occupied by P. cochlear, another species, P. barbara, is 
found ; but, although this species is thoroughly plentiful, sometimes attaining 
a density of 180 individuals to the square yard, it is on the average rather 
small, extends to a rather high level in the Balanoid zone, and hardly forms 
a distinctly visible belt as does P. cochlear. 

Although in this account of the Cochlear and Argenvillei zones attention 
has naturally been focussed upon the limpets, other animals, as well as algae, 
occur freely in these zones, and include many of the species already mentioned 
in connection with the Balanoid zone, as well as others which are characteristic 
of the lower levels. 


The sublittoral zone and its fringe. 


The sublittoral fringe is the lowest part of the intertidal belt. It is to be 
distinguished from the sublittoral zone proper, the whole of which remains 
perpetually submerged. The fringe remains submerged at low water of neap 
tides, its degree of emergence at low water of springs depending very much 
upon variations in wave-action. If a calm day coincides with a low spring 
tide, the zone as a whole may be exposed to the air for an appreciable time. 
On occasions when wave-action is distinct or heavy (and these are more frequent 
than calm days), the zone is either splashed or washed more or less continuously, 
or may even be more or less permanently submerged, being frequently drowned 
as the waves advance, becoming visible only as they withdraw. 

The population of the zone is usually very dense, and includes a great variety 
of species. These fall naturally into two categories, (a) species living in dark 
or more or less shaded places (overhanging surfaces, the undersides of stones, 
etc.), and (b) species living exposed to stronger light. It is with the species 
belonging to category (6) that we shall be concerned in the following paragraphs. 
Although this latter part of the population is very mixed in nature, it has a 
tendency to become segregated into more or less distinct communities, in which 
organisms belonging to a relatively small number of species become con- 
spicuously abundant. The following paragraphs enumerate the more notable 
and widespread of the variants which have been observed during the survey. 

(1) Laminarian community (Pl. 17, fig. 1)—The sublittoral zone proper, 
on the west coast in general, is occupied by a rich growth of giant species 
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belonging to the order Laminariales. These are Hcklonia buccinalis (20-30 feet 
or more in length), Laminaria pallida (somewhat smaller) and Macrocystis 
pyrifera (sometimes longer than B£. buccinalis, but less bulky). So far as we 
have been able to determine, Laminaria pallida tends to dominate in the 
northern part of the coast, Hcklonia buccinalis in the southern—Macrocystis 
becoming important locally in the southern part. These species are counter- 
parts in their own habitat of the trees in a forest, but upon them are epiphytes 
and among their proximal parts is to be found a vegetation of smaller algae, 
together with a great variety of animals. Data are not yet available for the 
classification of communities among these undergrowth-forms. Where a 
Laminarian zone and a Cochlear zone occur on the same beach, the outlying 
Laminarians may appear first in the lower part of the Cochlear zone. In the 
sublittoral fringe they may be present or absent, being replaced in the latter 
case by smaller algae, often in dense formation—or they may be sparsely 
represented among the smaller forms. On the south coast the zone of giant 
Laminarians begins to disappear. It occurs locally in False Bay in a reduced 
form, though absent at St. James, and reappears at Hermanus, where Hcklonia 
buccinalis is present in fair quantities *. At Still Bay and Port Elizabeth it is 
absent. At the latter place, however, a much smaller species (Hcklonia 
radiata, 2-4 feet in length) is present, though one can hardly speak of a 
Laminarian zone there; and at East London this form is so abundant that 
it does form a Laminarian zone of a somewhat reduced type. In the Durban 
district no such zone was found. 

(2) Ascidian community (Trans. Roy. Soc. 8. Africa, 24, pl. xxi, fig. 1).— 
In many places the sublittoral fringe is occupied by the giant simple ascidian 
Pyura stolonifera, whose thick leathery tests cover the rocks completely, and 
form so dense a carpet that they occupy all major spaces available. Where 
this community is most perfectly developed, there are no large algae, but the 
ascidians are accompanied by a rich fauna and flora of small species (e.g. the 
anemone Bunodosoma capensis, the tuft-forming alga Plocamium cornutum, 
the fan-worm Dasychone violacea) which live on and between their tests. 
Pyura stolonifera occurs round the whole coast from Port Nolloth to Natal, 
and its gregarious tendency is evident throughout. But, although smaller 
or larger aggregations of individuals may be found in many places, they are 
frequently absent, and the species then occurs in sparser formation (often 
among algae) or singly, so that it is no longer the dominant member of the local 
community. The dense formation, when extensively developed, sometimes 


occupies very large areas. 


* Hermanus is a locality of special interest. Although it lies east of St. James, the sea 
there is on an average colder than at the latter place. Correlated with this is the fact that 
while St. James exhibits a fauna and flora comparable with those of the rest of the south 
coast, but with a west coast component, the biota at Hermanus, though of the same 
general type, has a decidedly stronger west-coast component than St. James. 
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(3) Mixed algal community *—On the south and east coasts a great many 
rocky surfaces in the sublittoral fringe are colonised by a very dense growth 
of rather small algae, most of them less than a foot high. The number of species 
present in this growth is considerable and the actual composition is very vari- 
able from place to place, but there are certain forms which tend to recur 
repeatedly on any given stretch of coast, and these impart a character to the 
local community. The pattern changes, however, from east to west, since, 
although some of the constituents are present from Natal to Cape Point, 
others are limited to the eastern end of this stretch of coast, and still others 
to the western end. Some idea of the composition of the community may be 
obtained from the illustrative list provided in Table IX, which enumerates 
many constituents of the community as it appears in the Port Elizabeth and 
Isipingo districts respectively. This list omits the few large species, which 
are dealt with separately in the text (below). 

In spite of the mixed nature of the growth, there is a distinct tendency 
for one or a small number of species to become dominant locally. Most if 
not all of the species mentioned in Table IX dominate over smaller or larger 
areas on one part of the coast or another ; but some of them tend to dominate 
over much larger areas than others, and certain of these require further comment. 
From Natal to False Bay, areas dominated by Caulerpa ligulata are to be 
found. This plant has strap-shaped ‘ leaves ’ of a very vivid green, and when 
growing produces a grass-like effect, and since it is frequently rooted in sand 
may offer a special habitat for burrowing forms among its haptera. Another 
species which forms areas of impressive greensward is Hypnea spicifera. This 
alga, although a Rhodophycean, is of a very brilliant green (at least on the 
crests of rocks) in Natal and at East London and Port Elizabeth; farther 
west the colour typically becomes darker and more blackish. The species 
is an important member of the community from False Bay to Natal; it is, 
however, scarce in certain places and apparently becomes most prevalent 
to eastward. At Isipingo the Hypnea usually colonises the crests of rocks 
in wave-washed positions, with red and purple Rhodophyceae below it ; in the 
Kast London region it commonly occupies the upper part of the sublittoral 
fringe, with Heklonia radiata and Pyura stolonifera a little below it. In fact, 
H. spicifera perhaps occupies most typically a region transitional between 
sublittoral fringe proper and Cochlear zone, penetrating more or less into 
the latter. Other important local dominants are red or purple in colour, and 
these include two species of Plocamiwm with a thallus like an oak-leaf, 
P. corallorhiza being particularly important in the Port Elizabeth region, the 
similar P. Robertiae becoming prominent in Natal; other red forms are the 
wiry tuft-forming Gelidium rigidum and G. cartilaginewm (the latter having 
a more western distribution than the former). A brown nodular species 
(Prionites nodifera) is also important in Natal. It should perhaps be added 


* The account given under this heading refers to the south and east coasts exclusively. 
as we are not yet in a position to make a comparable statement for the west coast. 


INTERTIDAL FAUNA AND FLORA OF SOUTH AFRICA 505 


that, although these species occur as dominants or co-dominants in certain 
areas, any of them may occur elsewhere as subsidiary items in a mixed growth. 
Furthermore, many areas are dominated by a dense growth of pink, red, and 
purple corallines, in which several species are abundant. 

Tt should also be noted that, although the mixed algal community of the 
fringe has been described as consisting primarily of small forms, larger species 
are not altogether lacking. Where Hcklonia radiata occurs, this may co-exist 
in quantity with smaller forms, as at East London, where an Ecklonia radiata— 
Hypnea spicifera combination is to be found. Another large species of the 
fringe is Codiwm Lindenbergii (3-5 feet in length), a strap-like form of somewhat 
local occurrence. Species of Sargassum frequently form an element in the 
community, but constitute a special case. They are capable of reaching 
a length of two or more feet, but as a rule they attain such a size only in rock- 
pools (sometimes in the Balanoid zone), in lagoons, or in channels. When 
they occur on open rock they are commonly (though there are exceptions to 
this) short, damaged, or stunted, and consequently are difficult to identify. 
It is, therefore, not easy to say whether one species more than another is 
characteristic of the fringe. The species found are S. heterophyllum, S. elegans, 
S. incisifolium (these three being closely allied yellowish-brown forms) and 
S. longifolium (dark brown and quite distinct from the others). 

(4) Zoanthid community (Pl. 16, fig. 1)—In Natal, a community which we 
have not hitherto discovered elsewhere is important. This consists of zoanthids 
whose polyps clothe large areas of rock so densely that little or nothing can 
co-exist with them. Although several species of zoanthids are present in the 
Isipingo district, those forming the most extensive sheets are Palythoa nelliae 
with large brown polyps and Zoanthus durbanensis with smaller pale green 
ones. The zoanthid community occupies, on the whole, more sheltered areas 
than the mixed algal community at the same levels, the latter preferring 
maximal wave-action ; but places are to be found where the two communities 
alternate or mingle in the same area. The zoanthid community sometimes 
extends to levels above the sublittoral fringe both on open rock and in pools. 


Reservations. 

The foregoing account of the principal zones is subject to certain reservations. 
Allowance must be made for the fact that, although any given zone may be 
quite sharply marked off from the next one, the transition may elsewhere be 
quite gradual. Again, the account given of the sublittoral fringe may perhaps 
embrace a rather wider belt for some localities than for others; the exact 
upper limit of the zone is not always easily decided, and our present conception 
of the belt may need revision in the light of further knowledge. 

The actual width of any zone and the level to which it extends above the 
level of low water of spring tides vary so much from place to place in accordance 
with the local variations of rock-formation and wave-action (irrespective of 


the tidal range) that, especially in the absence of level-sections, no attempt 
37* 
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has as yet been made to define them. The zonation is, however, perfectly 
intelligible without this information. 

Where the intertidal belt is at all wide, horizontal as well as vertical 
differentiation becomes apparent. The communities occupying corresponding 
levels are not necessarily the same, for instance, at the shoreward ends of 
in-running creeks, as they are at the tips of seaward promontories ; and the 
presence of lagoons and of other special features also introduces modifications. 
Horizontal differentiation appears to affect the lower zones more markedly 
than the upper. 

Furthermore, the shapes of rocky reefs are very variable, and are some- 
times of such a nature as to introduce very marked local differences in the 
amount of splashing, the effect of the waves being minimised in one place and 
exaggerated in another. In a locality where the splash is magnified, a marked 
upward displacement of zones along the seaward edge of a reef may occur. 
It may happen, for instance, that on the landward part of a reef a certain level 
is occupied by Littorina and by little else, whereas along the precipitous seaward 
edge the same level is populated by Mytilus, which is ordinarily characteristic 
of much lower levels. 

The description which has been given of the population of the several zones 
applies primarily to open rock-surfaces. Wherever there are caves, clefts, 
crevices, overhangs, rock-pools, lagoons, or other special features, the typical 
open-rock zonation may be locally modified. 


Discussion. 

(1) Comparison of South Africa with other regions—It seems advisable 
to offer some comment on the method adopted in this paper of delimiting 
the zones and on the suitabilty of the nomenclature used. 

The suitability of any series of biological terms, such as the names of the zones 
in question, defined somewhat arbitrarily for descriptive purposes, depends 
partly upon the size of the area to which they can be applied. If a system 
applicable to the intertidal region of the whole world could be devised, it would 
naturally be preferable to a system of no more than local applicability. It is 
my intention to make, at a future date, a detailed comparison of the zonation 
on the South African coasts with that of all other coasts of the world for which 
zonation has been described. This comparison, which will occupy a paper 
in itself, is postponed until the survey of the South African coast has reached 
a more advanced stage. A preliminary examination of the extensive existing 
literature on zonation indicates that there is support to be obtained from it 
for the suggestions put forward in the following paragraphs, and that other 
authors have arrived independently at some of the conclusions which have 
arisen in the present instance from the South African work. There are also 
facts in the published accounts which appear to run counter to these suggestions. 


This disagreement is possibly more apparent than real, and may disappear 
on closer examination, / 
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Meanwhile, the following remarks are offered as an indication that in 
delimiting the South African zones the possible applicability of the terms 
used to other parts of the world has been kept in view. 

It has yet to be decided whether any universally recognizable series of zones 
is distinguishable on coral reefs, though the fact that zonation does occur on 
them is evident. Many reefs are so wide and so flat that the question of vertical 
zonation has been overshadowed by that of horizontal differentiation and by 
other biological and morphological problems, though information on the subject 
of zonation is by no means lacking (see, for instance, T. A. and A. Stephenson, 
G. Tandy and M. Spender, 1931 ; and Manton, 1935). It is possible for one 
zone on a reef to be a mile or more distant from another, and the number of 
zones developed on any reef depends upon the level attained by its highest parts. 
It is evident, however, that the conception of a sublittoral fringe is applicable 
to coral reefs *. Frequently it is the region round the seaward edge of the reef, 
extensively exposed only at the lowest spring tides, in which the rich growth 
of coral on open rock + begins. This growth continues downwards for some 
distance into the sublittoral proper. A Littorina zone is also demonstrable 
in connection with many reefs, where part of the surface is high enough to 
extend to the requisite levels. Whether a Balanoid zone is a general feature 
of reefs offering a suitable range of levels, it is less easy to decide, but there 
is little doubt that this zone has a counterpart on reefs, perhaps better charac- 
terized by organisms other than barnacles. Naturally the zonation of coral 
reefs, when considered in detail, presents a much more complex picture than 
is indicated here. The present suggestion is simply that the complete system 
of zones can probably be related to a simpler framework comparable with that 
of extra-tropical regions. 

In connection with coral reefs, an interesting contrast between tropical 
and temperate regions may be noted. On many reefs the sublittoral zone 
and its fringe are occupied by reef-corals, which decidedly overshadow the algae, 
whereas in many temperate regions the same region is dominated by Lami- 
narians, a case in which large algae overshadow the animals. In_ both 
instances the prevailing organisms have this in common—that they are 
bulky and sedentary, and liberate oxygen into the water during daylight 
(the oxygen in the case of the corals being derived from their commensal 
zooxanthellae). On the warmer part of the South African coast a somewhat 
different condition is found. In the Durban region the reef-corals, growing 
in quantity on open rock, have disappeared, though still present in limited. 
numbers in rock-pools ; and the Laminarians have not yet supervened. The 
sublittoral fringe is therefore populated by (a) animals such as zoanthids and 


* This paragraph has been written in the light of visits to a considerable variety of 
coral reefs in Australia, Mauritius and East Africa. 

+ It is important to distinguish between the growth of coral on open rock along the 
seaward face of the reef and the growth which may occur in pools on the top of the reef— 
the latter does not belong to the sublittoral fringe. 
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ascidians and (b) the short algae of the ‘mixed algal community’. Larger 
algae are not absent, but are less important than in the colder regions, and 
the first indication of a Laminarian zone is the presence of the small Ecklonia 
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Fig. 7.—A diagram illustrating three of the possible types of zonation met with on the 
British coasts (e.g. on steep rock-faces in Argyllshire). The diagram is explained 
in the text, p. 509. Only part of the width of the Littorina and Laminarian 
zones is included. The relative widths of the other zones are accurate for the 
places chosen. In column B, areas of bare rock (more or less free from 
barnacles) surround the larger Fucoid plants. These areas are due to the 
movements of the algae when submerged. For column C a locality without 
Fucus vesiculosus or Porphyra was chosen. 


radiata in the East London district, but this provides a much less impressive 
development of the zone than the luxuriance of giant species found in the 
colder water. It is possible that populations of the type represented on the 
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east coast of South Africa and on the eastern part of the south coast are 
characteristic of subtropical and warm-temperate regions. 

In the British area *, which offers a fair example of a northern temperate 
region, a Littorina zone inhabited by Littorina saxatilis and L. neritoides is wide- 
spread. A Balanoid zone, with barnacles and limpets frequently forming a 
dense mosaic, is also abundantly represented. The conception of a sub- 
littoral fringe, with suitable local modification, is also applicable, though it is 
uncertain whether the boundary of this should be regarded as some particular 
tidal level, as the upper limit of Laminarians, or as the upper limit of some 
organism which penetrates further into the intertidal region. The British 
area has nothing exactly corresponding to a Cochlear or Argenvillei zone, 
since the three species of Patella found there are much more widely distributed 
between tide-marks than P. cochlear and P. argenvillei, although they do 
exhibit a definite zonation. In Britain, studies of zonation have naturally 
been frequently concerned with the conspicuous Fucoids and lLaminarians, 
and other algae, since these forms provide such useful criteria for a system 
of zones. It is possible, however, that they have diverted attention from 
something more universal. There are localities to be found in Britain, in 
Argyllshire for instance, where zonation is represented in a very simple form. 
In such places, on a given stretch of rock, the principal zones above the 
Laminarian are (1) a wide belt occupied by barnacles, the Balanoid zone, 
and (2) a belt above the barnacles, occupied by Littorinae. In the extreme 
examples of this condition (fig. 7, A) there are no large algae whatever above 
the Laminarian level, the usual Fucus, Pelvetia, Ascophyllum and Porphyra 
being entirely absent. In a neighbouring area, with the same primary zones, 
there will be a very patchy and intermittent growth of Fucoids—a tuft of 
Pelvetia at a high level, a patch of Ascophyllum lower down, and so on (fig. La) 
In a third type of area at no great distance away, a fully developed series of 
Fucoid zones will be developed, arranged in the usual order, from Pelvetia 
canaliculata at the upper to Fucus serratus at the lower end of the series 
(fig. 7, C)t. The existence of these three states produces the impression 


* This paragraph was written after visiting, during 1937, a number of localities on the 
British coasts and making notes on the zonation observed, for comparison with South 
African conditions. The places visited were in Devon, Cornwall, Somerset, South Wales, 
the Firth of Forth and the west of Scotland. 

+ The upper limit of barnacles (in quantity) varies in level locally. It is sometimes 
above and sometimes below the belt of Pelvetia, so that the latter lies sometimes in the 
Littorina zone, sometimes in the Balanoid. The lower limit of the Balanoid zone also 
varies locally, but in localities where there are no Fucoids (and the Balanoid zone is 
consequently at its best development) the barnacles may extend down to the beginning of 
the Laminarian zone or to @ level not much above this, or may continue below tide-marks. 
Zonation is affected locally by many considerations—angle of slope, degree of shelter, etc. ; 
but in the present paper it is considered only in its broadest aspect. Interesting informa- 
tion dealing with local variants will be found in a paper by Dr. J. A. Kitching (1935), to 
whom I am indebted for MS. notes on barnacles. 
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that the more universal zonation is Laminarian zone—Balanoid zone— 
Littorina zone; and that under suitable conditions the Fucoid zones are, 
as it were, superimposed upon a simpler fundamental pattern. In the presence 
of the Fucoids, the simpler state of affairs is modified, and the Balanoid zone 
is interrupted or partially suppressed. 

In South Africa, the Balanoid and Littorina zones become more obvious, 
because there is no widespread heavy coating of Phaeophyceae present, 
comparable to the European Fucoid series. The South African plants nearest 
to the Fucoids in appearance are the species of Sargassum, and these have 
an ecological status different from that of the Fucoids, since thay are limited 
to the lower parts of the shore on open rock, reaching full size at the higher 
levels only in rock-pools. They are less useful for purposes of zonation, 
moreover, than the Fucoids, because several of the species are difficult to identify 
and of uncertain systematic status. This statement does not imply that open 
rock in the Cape is never coated with algae, but simply that the coating when 
present is of a different composition, consisting on the whole of smaller species, 
among which Rhodophyceae are prominent. A zonation of algal species is 
present in the Cape as in Britain, but it tends to divert attention from the 
animal zonation less than in Britain. 

From the considerations advanced in the foregoing paragraphs, which are 
supported by at least some of the accounts of zonation given by other authors, 
it seems not unlikely that the conceptions of Littorina and Balanoid zones, 
and of a sublittoral fringe, may prove widely applicable to the shores of the 
world, with suitable local adaptation. If so, belts such as the Cochlear and 
Argenvillei zones in South Africa, and the Fucoid zones in Europe, may be 
regarded as features peculiar to particular geographical regions, related to 
and in certain cases modifying, partly suppressing, or replacing one or more 
of the more universal belts. 

A further aspect of the intertidal region, regarded from the point of view 
of the world, is the probability that certain ecological ‘ niches ’ are of universal 
or widespread occurrence, but are filled on different coasts by distinct species 
of organisms with similar habits and abilities. On certain British coasts, 
for example, a series of niches is occupied by the snail-like gastropods Littorina 
neritoides, L. saxatilis, L. littorea, L. littoralis, Nucella lapillus, Calliostoma 
ziziphinum, Gibbula cineraria, G. wmbilicalis and Osilinus lineatus. On parts 
of the South African coast a similar series is to be found, including Littorina 
knysnaénsis, Thais dubia, Cominella cincta, Oar ystele variegata, O. tigrina, 
O. sinensis, Turbo sarmaticus and 7’. cidaris. In this second list the species 
and most of the genera are different, but the ‘ niches’ are probably the same 
or very similar. Examples of this phenomenon can readily be multiplied, 
and their correlation should prove a fascinating study. 

(2) The overlapping of zones.—The delimination of zones adopted in eee 
paper is open to criticism on the ground that a term such as ‘ Littorina zone’ 
is used here in a very special sense. It does not denote ‘ the whole belt occupied 
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by certain species of Littorina’, since some of these gastropods spread down 
into the Balanoid zone for a certain distance, as well as inhabiting the Littorina 
zone. It means ‘ the zone above the upper limit of barnacles, in which species 
of Littorina are particularly conspicuous’. This usage, perhaps unorthodox 
has been found very useful in practice, because it avoids difficulties due to 
overlap, and we feel it to be permissible, since the areas delimited are topo- 
graphical entities defined primarily for descriptive purposes. If the terms 
Littorina, Balanoid and Cochlear zones were employed as meaning ‘ the whole 
belt occupied by Littorina’, “the whole belt occupied by barnacles’, etc., 
it would be found that they overlap one another. The method of defining 
the principal zonal boundaries by utilising the upper limits of particular 
organisms as landmarks to which the distribution of other forms may be related 
provides a convenient series of belts without overlap. 

It is an attractive idea that a universal system of zonation could be based 
upon the tidal levels. The terms ‘ supralittoral’ and ‘ sublittoral’ as used 
here depend upon tidal boundaries, and attempts have been made to extend 
this principle to cover zones of more restricted depth. These attempts have 
been hindered by the facts that (1) the levels reached by spray and by 
individual waves, as well as by actual sea-level, are important biologically, 
so that an exact correlation between tide-levels and the distribution-limits 
of organisms is difficult, and varies with the degree of exposure of the locality to 
wave-action ; and (2) the system, for accurate use, would require more extensive 
tidal observations than are available in many parts of the world. It is possible 
that a solution of the problem will ultimately be found by defining zones 
according to the differences in the amount of exposure to the air characteristic 
of each ; but until much more quantitative work, correlated with exact data 
as to exposure, is available, it is probably the most practicable plan to adopt 
the type of zonal limit which has been utilised during the present survey. 
In other words, although it is possible to delimit the supralittoral, littoral, and 
sublittoral areas by tidal limits, subdivisions of the littoral area are probably 
best defined, in the present state of our knowledge, by biological limits. 

(3) The term ‘ sublittoral ’—This word is often used (e.g. Gislén, 1930, p. 48, 
Kitching, 1935, p. 352) to cover, not only the region below extreme low water 
of spring tides (i.e. a region permanently submerged) but also the lower part 
of the intertidal area. What the best usage may be is open to discussion, 
but during the course of the South African survey we have come to the conclusion 
that the term ‘sublittoral’, so appropriate to the region never uncovered at 
all, should not be extended without qualification to cover part of the inter- 
tidal belt. We have accordingly introduced the term ‘sublittoral fringe ” 
(first used in Trans. Roy. Soc. 8.A. 24, pp. 352, 360) to designate the part of 
the sublittoral which extends above extreme low water of spring tides. The 
term seems appropriate, since the population of this lowest belt of the inter- 
tidal region tends to be very similar to that of the sublittoral proper, and is 
literally the ‘fringe’ of the sublittoral population. If this terminology be 
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accepted, it remains to fix an upper limit for the sublittoral fringe. In South 
Africa this zone extends for varying distances (sometimes very little) above 
extreme low water of the lowest spring tides, according to local conditions ; 
but never as high as low water of neap tides. It is probable, however, that in 
different latitudes the boundary needs to be set at somewhat different levels. 
In this paper, therefore, ‘ sublittoral’ means the permanently submerged 
area, and ‘ sublittoral fringe ’ its intertidal margin. 

(4) Other work on zonation in South Africa.—Since the foregoing account 
was written, a paper dealing with the distribution and zonation of algae on 
the west coast of South Africa, by W. E. Isaac, has appeared (Trans. Roy. Soc. 
S. Africa, 25, 1937). This paper introduces a series of algal zones which 
cannot as yet be closely correlated with the zones delimited in the present 
account. There is in all probability no actual disagreement between the two 
systems, which were constructed from entirely different points of view ; but 
they can only be correlated by observations made in the field. As Dr. Isaac’s 
paper is the first of a series, it seems advisable to postpone the correlation 
until the remaining papers of both his and our own series have been published. 


Ill. THE DISTRIBUTION OF THE PATELLIDAE. 


A considerable number of species of Patellidae has been described from 
South Africa. A systematic revision of these is in preparation, but, pending 
the completion of this, it cannot be stated exactly how many species are present. 
It is evident, however, that many of the existing specific names must be reduced 
to the rank of synonyms, but that the species referred to in the following 
paragraphs are valid and well marked, and clearly distinguishable from one 
another by characteristics of shell, radula and soft parts. It is doubtful 
whether there are widespread and abundant species beyond the ones treated 
here. The species variabilis and dunkeri are referred provisionally, in this 
paper, to the genera Patella and Helcion repectively. They do not belong 
to Cellana, since both have three lateral plates on either side in the radula. 

The information which follows has been collected in the first place in the 
course of general survey work along the coast, during which, from the very 
beginning, special attention has been paid to the. Patellidae. The general 
conclusions derived from this source have been checked and amplified, however, 
by more intensive investigations of particular points which appeared to require 
further study. This detailed work consisted principally of (1) collecting 
quantitative information about certain species ; (2) making special searches 
for species which appeared to be rare or absent at given localities; and 
(3) making observations on zonation. 

The statements given below represent our conclusions up to the present 
time about the several species, and are based on information obtained at the 
55 localities in the following list. Some of these localities have been examined 
much more closely than others; and 24 of them lie in the Cape Peninsula, 
Which is naturally more accessible from Cape Town than more distant parts 
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of the coast, and which is a critical area from the point of view of distribution. 
Further notes on some of the species treated here will be found in Proc. Linn. 
Soc. London, 148, pp. 76-9. 


Lust of localities visited, arranged in order from west to east. 


West Coast.—Buchuberg, Cliff Point, Port Nolloth, Lamberts Bay, Saldanha, Melkbosch, 
Blaauwherg, Woodstock Beach, Green Point, Sea Point, Camps Bay, Oudekraal, 
Llandudno, Leeuwgat, Hout Bay, Kommetje, Witsands, Schusters Bay, Olifants 
Point, Plaat Boom Point, Cape of Good Hope, Cape Point. 

South Coast.—Platbank, Buftels Bay, Smitswinkel Bay, Partridge Point, Millers Point. 
Froggy Pond, Seaforth, Glencairn, Kalk Bay, St. James, Strandfontein, Gordons 
Bay, Hermanus, Cape Agulhas, Still Bay, Preekstoel, Mossel Bay, Wilderness, 
Knysna Heads, Plettenberg Bay, Reef Bay, Beacon Point, 

Hast Coast—Port Alfred, Igulu River, Shelly Beach, East London, Bats Cave Rocks, 
Bonza Bay, Winkle Spruit, Inyoni Rocks, Isipingo Beach, Reunion Beach, 
Umhlanga Rocks. 


Where quantitative data were judged to be desirable, as a supplement 
to general observation, they were obtained as follows. The objective was to 
make counts of limpets at various localities in such a way that the results 
could be compared. Three methods were used, each one being an improvement 
on its predecessor. 


Method 1.—Six traverses, each a yard wide, were marked out, crossing the intertidal 
belt from the level of high water to that of low water (of spring tides). Three of these 
traverses were situated on the Atlantic side of the Peninsula, three on the False Bay side. 
All the limpets along each traverse were removed and counted, and the results, are given 
in Table I on p. 529. The counts were made by W. G. H. Coaton. This method is open 
to the objections that it deals with very restricted areas, and that the lengths of the 
traverses cannot be the same at all localities; but it provided useful information never- 
theless. 

Method 2.—At each locality chosen, the person counting walked along the shore parallel 
to the coast, and collected limpets for a fixed period of time. The object was to determine 
how many individuals of a given species could be collected in a given time at a given place. 
Only one species was collected at a time. This procedure covers a wider area than method 1, 
and eliminates variations due to differences in the lengths of traverses, giving more reliable 
figures than the first method. It was found, however, that in the abundant species the 
mechanical limit to the number of specimens which it is possible to collect in a given time 
is rather low, so that the method minimises the larger numbers and gives no idea of the 
possible eatremes of abundance and scarcity. This method was adopted for three species 
only (P. granatina, P. longicosta and P. oculus). It was anticipated that these three 
would best repay quantitative study, which is hardly necessary for some of the others ; 
and time was not available for making counts of all the species. In Table II on p. 530 
counts made in this way by W. G. H. Coaton are shown ; and in Table III on p. 530 some 
supplementary counts by K. M. F. Bright, E. J. Eyre, E. von Holdt, and T. A. Stephenson. 


- Method 3.—Here again counts were made by time, as in method 2, but the limpets were 
counted in situ, without removing them from the rock, precautions being taken to avoid 


counting the same individuals twice. This method can only be adopted safely by anyone 


thoroughly experienced in identifying the species, because they are more readily determined 
when viewed from below than from above ; but given the necessary experience it can be 
done with complete certainty. The advantage of the method is that it gives a truer idea 
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of the abundance of the common species than does method 2, since thousands can be 
counted in situ in an hour, where only hundreds can be removed and collected. As before, 
only one species was counted at a time. In Table IV on p. 531, counts made in this way 
by K. M. F. Bright, E. J. Eyre, A. & T. A. Stephenson are given *. 


All the counts, by whatever method, indicate very considerable local varia- 
tion in numbers from one station to another. This variation is undoubtedly 
present, and would remain evident however many counts were taken ; but 
its existence is to be expected and in no way invalidates the general conclusions 
arrived at. 

Patella argenvillei Krauss.—Abundant and frequently large on the west 
coast, from Port Nolloth to Cape Point, often forming a community of close- 
set individuals (Pl. 15) and becoming locally dominant. Where the individuals 
occur in dense formation they may populate extensive areas so closely as to be 
almost touching, and frequently carry smaller specimens of their own species 
(or of P. cochlear or other forms) on their shells. At St. James and along 
the south coast, and at least as far as East London, the species is fairly common, 
but much less frequent as a rule than on the west coast. It was not found 
during the survey of the Durban district. The average size of the shell tends 
to become smaller to eastward. The optimum level for this species, between 
tide-marks, terminates a little lower down than that of P. cochlear, which 
P. argenvillei sometimes partly and sometimes entirely replaces ; but outlying 


* In connection with methods 2 and 3, two possible sources of error should be noted. 
Firstly, the nature of the substratum varies from one locality to another, so that counting 
and collecting may be easier at one than at the other; this is inevitable. Secondly, 
a personal element is involved, since one worker may be able to collect or count more 
rapidly than another, as the following example shows. Counts of Patella granatina were 
made at four localities in the Port Nolloth district by K, M. F. Bright and E. J. Eyre, 
the results being as follows (expressed as numbers of specimens countable per hour). 


Localites. A. B. C. D. Average for all localities. 
Bright acme icnt ener 4224 5776 6428 1380 4452 
Byles wc ecited earns 3742 5388 5692 1276 4024 


Average of the two results 3983 5582 6060 1328 


From these figures it is evident (1) that the species varies in abundance from place to 
place and (2) that E. J. Eyre counted consistently more slowly than K. M. F. Bright. 
The important point, however, is not the personal variation, but the fact that the conclusion 
derivable from both sets of counts is the same—that at all four localities the species is 
abundant. In accumulating data, therefore, correction has been made as far as possible 
for the sources of error mentioned, by (1) using averages where enough data were 
available, (2) basing only limited conclusions on the figures obtained, and (3) ignoring all 
differences of such magnitude as might be due to the method employed. Had it been 
feasible, the same worker would have carried out the counts at all localities, in order to 
eliminate the personal factor to the greatest possible extent ; but in dealing with so wide 
an area it was impossible to arrange this. In spite of these disadvantages the method 
has proved in practice to be a useful one, and we believe that it gives reliable results. 
It should further be noted that when making counts it is essential that the person counting 


should already be familiar with the habitat of the species sought. It would be useless to 
attempt any count at the wrong level. 


i's 
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individuals occur in the lower Balanoid zone, especially on vertical, overhanging 
or well-splashed surfaces, and the species descends into the sublittoral fringe. 
The increase in numbers from east to west is well illustrated by the figures 
in Table I (p. 529); and the following counts (not included in the tables) 
add confirmation, the figures representing numbers of individuals counted 
in situ per hour at three localities: Schusters Bay, 2640; Plaat Boom 
Point, 430; Port Elizabeth, 106. 

Patella barbara Linn.—Very common round the whole coast from Port 
Nolloth in the west to the Durban district in the east ; becoming large and well 
developed on the west coast, with possibly some falling off along the south. 
The average size is much smaller near Durban than in the west, although 
many individuals attain moderate size there. The vertical distribution 
extends from the sublittoral fringe to the lower Balanoid zone, and the species 
is sometimes particularly common in large pools and lagoons at low levels, 
where it is perpetually submerged. 

Patella cochlear Born.—Not a single specimen was found during the survey 
of the Port Nolloth district, although open-ocean localities as well as more 
sheltered positions were studied. The species varies from very common 
to extraordinarily abundant, from Lamberts Bay southward on the west 
coast, all along the south coast, and at least as far as Cape Morgan (north of East 
London) in the east *; but it was not found in the Durban district in spite 
of careful search. As arule, it forms a more or less densely populated community 
intimately associated with lithothamnia, and occupying a zone just above 
the sublittoral fringe (into which many individuals descend). The density 
of this community varies locally, from about 250 individuals (or fewer) to 
the square yard, to more than 1300; and the abundance of the species may 
be gauged from the fact that over 7000 individuals may be counted in an 
hour by method 3. Where the community occurs it usually occupies extensive 
and often continuous areas in its appropriate zone, but in certain localities 
it is discontinuous, occurring in the form of isolated patches from a few square 
centimetres to a square foot or more in area ; and even in these patches crowded 
conditions may prevail (e.g. in an area 10x 20 cm. there were 34 individuals). 
A feature connected with the frequent overcrowding is the fact that large 
individuals very commonly bear smaller ones on their shells (to as many as 
40 smaller ones on one large one, fig. 8). It is true that some specimens of any 
species may carry others on their backs, but this habit is developed in a much 
higher degree by P. cochlear than by any other South African species, save, 
in certain areas, by P. argenvillev. 

Wherever we have collected P. cochlear, throughout its range, a lower or 
higher percentage of the individuals has possessed, growing upon the rock 
or lithothamnion surrounding them, a narrow fringe or ‘garden’ composed 
of an alga of delicate texture, existing in a short or prostrate erowth-form 


* For the Cape Morgan record we are indebted to Dr. G. F. Papenfuss, who collected 


living specimens there, 
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like the grass on a lawn (PI. 14, fig. 1). This has been briefly described elsewhere 
(Proc. Linn. Soe. London, 148, 1936, p. 78), and is further figured in Trans. 
Roy. Soc. 8. Africa, 24, 1937, pls. 21 & 28. There are always some individuals 
in which the ‘ garden’ is poorly developed, and some which lack it altogether. 
At all the localities examined, at least a proportion (sometimes most) of the 
gardens have consisted wholly or partly of a prostrate form of Gelidium 


9983385 S0R5533 0 


Fia. 8.—An example of crowded conditions in the Cochlear zone. Of the limpets repre- 
sented here, only the individual marked A was attached to the rock. All the 
others (40 in number) were seated either on the shell of specimen A or on the 
shells of others in the series. The pale areas visible on many of the shells 
represent the ‘‘ scars’? made on them by the smaller specimens. Natural size. 
Material collected by M. Wood. 


pristoides (Turn.) Kiitz. or of another allied species of Gelidium, although 
several other species of algae occur in them also, notably a medteed form of 
H erposiphonia Heringit (Harv.) Falk. In no other species of Patella has this 
fringe been seen, save occasionally in P. barbara. The figures in Table I 
referring to P. cochlear have little significance beyond indicating that the 
numbers at the six stations never fall below the grade of abundance, and 
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that they show considerable local variation, the differences in the numbers 
in this case being partially explicable in terms of the individual features of 
the traverses. 

Patella compressa Linn.—Common or very common on kelp along the west 
coast from Port Nolloth to the Cape of Good Hope; appearing again on the 
south coast at localities such as Smitswinkel Bay and Hermanus, where kelp 
is to be found. We have not recorded it east of Hermanus. It has usually 
been found in our surveys on Ecklonia buccinalis (Linn.) Hornem., but since 
it is common at Port Nolloth where the dominant kelp is Laminaria pallida 
Grev. ex J. Ag., it doubtless occurs on this also. It is found only very 
occasionally on rock. The species inhabits the sublittoral zone proper and the 
sublittoral fringe, occasionally occurring in the Cochlear zone. 

Patella granatina Linn.—Abundant and commonly large on the west coast, 
from Port Nolloth southward ; becomes much less common (and probably 
somewhat smaller on the average) in False Bay and on the south coast, with 
local increases at places such as Hermanus (where 77 were counted in an hour 
by method 3), where the average temperature is lower than usual. It has 
not been found in the surveys east of Hermanus, in spite of careful searching. 
P. granatina occurs in approximately the same zone as P. oculus. Both are 
abundant in and characteristic of the Balanoid zone, in which they extend 
to higher levels than any species of Patella save P. granularis and perhaps 
P. variabilis ; but they descend also into the Cochlear zone. In fig. 9 the 
numbers of individuals of P. granatina counted at 19 localities, by the three 
methods described above, are represented graphically, the results of the 
different methods being indicated in separate curves *. Naturally the heights 
reached by these curves are very unlike, since the maximum numbers to be 
expected by the three methods are dissimilar; but in spite of this all the 
curves bear the same interpretation, bringing out clearly the abundance of 
the species west of Cape Point, and its marked diminution to eastward of the 
latter. (See also note under P. oculus, p. 523.) 

Patella granularis Linn.—Very abundant round the whole coast from Port 
Nolloth to the Durban region, but becoming decidedly larger and finer on the 
west coast than on the south and east. P. granularis is abundant in and 
characteristic of the whole Balanoid zone, though extending into the Cochlear 
zone (or to corresponding levels where the Cochlear community is lacking). 
It reaches a higher level on the shore than any other species of Patella (though 
Helcion pectunculus rivals it, and Patella variabilis and Cellana capensis 


* In curve A in text-figs. 9, 11 and 12 the numbers above 1000 have been minimised 
by comparison with those below 1000 by a change of scale. This makes it possible #0 
represent numbers of such different magnitude as 10 and 5000 in the pame figure ; and is 
not misleading, because in the present connection it is not so much a difference between 
2000 and 5000 which is significant (since, if one can count more than 1000 individuals of 
a species in an hour, it is clearly abundant) as the contrast between numbers greater than 


and less than 1000, 
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Fia. 9.—Curves illustrating the variations in abundance of Patella granatina at 19 localities. 
The numbers 0-5000 represent numbers of individual limpets counted by 


the three methods described on p. 513. A, method 3 (number counted in situ 


per hour); B, method 2 (number collected per hour); C, method 1 (number 
collected from traverses a yard wide). The figures 1-19 represent the following 
localities arranged in order from west to east—1l Port Nolloth, 2 Melkbosch, 
3 Blaauwberg, 4 Green Point, 5 Sea Point, 6 Camps Bay, 7 Oudekraal, 8 Hout 
Bay, 9 Kommetje, 10 Schusters Bay, 11 Olifants Point, 12 Plaat Boom Point, 
13 Cape Point, 14 Buffels Bay, 15 Smitswinkel Bay, 16 Millers Point, 


17 Glencairn, 18 St. James, 19 Port Elizabeth. The diagram is further 
explained in the text and footnote on p. 517, 
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Fra. 10.—In the upper figure the average sizes of the shells of the 10 largest specimens 
of Patella granularis to be found at several localities are represented graphically 
(30-70, average lengths of the 10 shells in millimetres). The figures 1-21 
represent the following localities, arranged in order from west to east—1 Port 
Nolloth, 2 Melkbosch, 3 Green Point, 4 Sea Point, 5 Oudekraal, 6 Llandudno, 
7 Hout Bay, 8 Kommetje, 9 Schusters Bay, 10 Olifants Point, 11 Plaat Boom 
Point, 12 Cape Point, 13 Buffels Bay, 14 Millers Point, 15 Seaforth, 16 Glencairn, 
17 St. James, 18 Still Bay, 19 Port Elizabeth, 20 East London, 21 Tsipingo. 
A comment will be found on p. 520. Curve A, data from Table VI (p. 532); 
curve B, data from Table V (p. 531). In the lower part of the illustration 
the following shell-outlines are represented (natural size)—C, average size of 
the largest shells from all localities west of Cape Point ; E, average size from 
all localities east of Cape Point ; D, average size for Schusters Bay; F, average 


size for Isipingo. 
JOURN. LINN. SOC.—ZOOLOGY, VOL. XL 38 


520 PROF. T. A. STEPHENSON ON THE CONSTITUTION OF THE 


sometimes extend to high levels also), sometimes even penetrating the lower 
part of the Littorina zone. The abundance of this species round the whole 
coast is so evident as hardly to require numerical confirmation ; a count of 
over 4,000 per hour at St. James (method 3) is probably typical or even: sub- 
normal. The variation in the numbers shown in Table I is due to purely local 
fluctuations, and also, in part, to differences in the lengths of the traverses. 
In order to demonstrate the falling off in size from west to east, however, 
it was decided to make a series of measurements. The method adopted was 
specifically to search out, at any given locality, the largest specimens of 
P. granularis to be found; to select the 10 largest of these, measure them, 
and take an average of the measurements. This was done in a preliminary 
way at 9 localities by W. G. H. Coaton (Table V) and later on at 21 places 
by K. M. F. Bright, E. J. Eyre, A. & T. A. Stephenson (Table VI). The 
results of both series of measurements are represented graphically in fig. 10, 
from which it may be seen that, in spite of considerable local variation (which 
indeed is very marked), the shells of the largest individuals attain a length of 
more than 5 cm. at most localities west of Cape Point, and fail to attain that 
length at most localities to eastward of the Point. The average length and 
breadth of the shell for all the western and all the eastern localities, respectively, 
is as follows. In making these averages Cape Point itself has been omitted. 


Localities west of Cape Point. Localities east of Cape Point. 
From Table V. 5:-6x4-6 cm. 4-0 3-2 cm. 
From Table VI. 6-1 5-0 cm. 4:3 x 3°4 cm. 


In fig. 10, C-F, an attempt has been made to render this difference in size 
more readily appreciable. It is curious feature of the data represented in 
fig. 10, A-B, that in both Coaton’s and the later measurements there is a 
suggestion that the maximum size is reached, not in the northern part of the 
west coast, but in the southern part of the Atlantic coast of the Cape Peninsula. 
We hesitate as yet to affirm this definitely, but general observation lends 
some support to the idea ; and there are indications from other sources that 
this particular stretch of coast-line supports a peculiar exuberance of plant 
and animal life. 

Patella longicosta Lamarck.—In the course of the surveys no specimen 
has been found on the west coast further north than Oudekraal, in spite of 
careful search, and only one specimen there during a survey which extended 
over more than a year. From Kommetje southward the numbers increase, 
and in False Bay and along the south coast and at East London, the species 
is very common and attains a large size. At Isipingo it is still fairly common, 
but exists as a curious form of reduced size and with curtailed ribs. At most 
of the localities at which the species has been found, a proportion of the indi- 
viduals has been surrounded by ‘ gardens ’ of the encrusting brown alga Lepado- 
derma africanum, Dickinson (see Pl. 14, fig. 2 and Proc. Linn. Soc. London, 
148, p. 77). P. longicosta appears lower down on the shore than P. oculus 
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and P. granatina, and is conspicuous in the lower Balanoid zone, but common 
in the Cochlear zone also. In fig. 11 the results of counts made by the three 
methods at 19 localities are represented graphically, and bring out strikingly 
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Fig. 11.—Curves illustrating the variations in abundance of Patella longicosta 
at 19 localities. For explanation see legend under fig. 9. 


the abundance of the species east of Cape Point, and its diminution and ultimate 
disappearance to westward of the Point. (See also note under P. oculus, 
p. 523). 
Patella miniata, Born,—Fairly common from Port Nolloth in the west to 
38* 
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Port Elizabeth in the east, and present beyond this at least as far as East 
London. Beach-washed shells are very plentiful, possibly derived in part 
from the sublittoral area. We have no evidence that the species is more 
plentiful on one coast than on another. It reaches a large size on the west 


CAPE POLNM LT 
WEL \A LAST 


en 


| 


| 


; 


(oop re} TO) SIO oe ee 


Fig. 12.—Curves illustrating the variations in abundance of Patella oculus at 19 localities 
For explanation see legend under fig. 9. . 


coast of the Peninsula. It occurs in the sublittoral fringe and Cochlear zone 
and in the lower parts of the Balanoid zone, the level varying according is 
local conditions ; often on vertical and overhanging surfaces or under stones 
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Patella oculus, Born. This species has not appeared in the surveys of the 
west coast north of Melkbosch. From Melkbosch southward along the Atlantic 
coast of the Cape Peninsula it is present, varying at first from scarce to fairly 
common, but becoming very common before Cape Point is reached. It remains 
very plentiful in False Bay, along the south coast, and at least as far as Hast 
London. In the survey of the Durban region it was not found. Throughout 
this range it attains a large size, and it occupies approximately the same zone 
on the shore as P. granatina (p. 517). In fig. 12 the results of counts made 
by the three methods at 19 localities are graphically represented, and demon- 
strate the marked difference in abundance to east and west of Cape Point. 
If this figure be compared with the similar one for P. longicosta (fig. 11), it will 
be noted that there is a suggestion that P. longicosta disappears more rapidly 
on the west coast than P. oculus. This is borne out by general observation. 

The indications given by figs. 9, 11, & 12 are further reinforced if we 
compare the average numbers of P. oculus, P. longicosta and P. granatina 
for all localities east of Cape Point with those for all localities west of it. The 
following averages are based on the figures in Tables IT and IV, and represent 
the average number of limpets (a) collected or (5) counted in situ, at localities 
lying east and west of the Point respectively. In making these averages 
Cape Point itself and Plaat Boom Point have been omitted, as being tran- 
sitional between the eastern and western areas. : 


(a) Average number collected per hour (method 2). 
West of Cape Point. East of Cape Point. 


P. granatina ....+.--+.+++- 392 135 
P. longicosta ......++.+208: 24 378 
DIR OCTILUSS I trad oiee tin tees 2 81 397 


(b) Average number counted in situ per hour (method 3). 
West of Cape Pownt. East of Cape Point. 


P. granatinas .. 1... eee ee 3502 23 
P. longicosta, ...+.++.ss000s 5 2664 
(LT GEIS ee oO i 141 2798 


Patella patriarcha, Pilsbry.—Uncommon as a rule between tide-marks, but 
probably common or very common in the sublittoral, since its shells are plentiful 
in beach deposits ; it occurs more commonly than usual between tide-marks 
in certain areas, e.g. East London. The species extends from Port Nolloth 
in the west at least as far as East London in the east. Mr. Tomlin has fresh 
shells in his collection (ew Burnup), obtained at Port Shepstone and Isipingo, 
but we have no record of our own from Natal. We have no evidence that 
it is more plentiful on one coast than another. It occurs in the sublittoral 
fringe or at slightly higher levels. Ze j 

Patella sanguinans, Reeve.—This species is allied to P. miata, but is 
probably distinct from it. We can record it so far only from the East London 
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district, where it is of occasional occurrence in the Cochlear zone and sub- 
littoral fringe. 

Patella variabilis, Krauss—Very common in the Durban district ; fairly 
common or common in the East London region, where numbers show much 
local variation, counts made by method 3 giving results ranging from 46 to 876 
specimens per hour. It has not been taken in the surveys (although specially 
sought) at any place west of Port Alfred. It occurs in the upper and lower 
parts of the Balanoid zone. 

Cellana capensis (Gmelin).—Very common in the Durban district ; decidedly 
less common in the East London region, where its numbers vary very much 
locally, counts made by method 8 giving results ranging from 2 to 154 per hour. 
It has not been found during the surveys, in spite of careful search, at any 
station west of Igulu River (between East London and Port Alfred). It occurs 
in both the upper and lower parts of the Balanoid zone, apparently extending 
to slightly lower levels than Patella variabilis. 

Helcion dunkeri (Krauss).—Information about this species is as yet 
insufficient for an accurate characterisation of its distribution, and it is suspected 
of being a form of H. pruinosa. It has been collected during the surveys 
at Port Nolloth, in Table Bay, and at Port Elizabeth and East London, at the 
first three of which places it is fairly or very common. It occurs in pools, 
channels, and on open rock, but seems most frequent in damp places. It reaches 
a large size on some drain-pipes on Woodstock Beach. At Port Elizabeth 
the largest specimens are as a rule under stones. 

Helcion pectunculus (Gmelin).—No special study of this form has been 
made, but it can be certified as a very common species from Port Nolloth 
in the west at least as far as Kast London in the east ; it was not taken during 
the survey of the Durban region. This species is characteristic of the Balanoid 
zone, being plentiful in both the upper and lower parts of this, and extending 
into the lower parts of the Littorina zone. It occurs particularly in hollows, 
crevices, sheltered and shaded positions, and under stones. 

Helcion pruinosa (Krauss).—Here again information is somewhat scanty, 
but the species is common at least from Table Bay in the west to East London 
in the east, and probably extends farther than this. It is found particularly 


in pools, under stones, and in damp places, from the Balanoid zone to the 
sublittoral fringe. 


The zonation of the species between tide-marks. 

It is not yet possible to give an exact scale showing the order of succession 
of the optimum levels of the several species on the shore, since this would 
involve the use of surveyed level-sections, correlated with exact tidal data, 
which are so far not available to us. The statements given in the foregoing 
pages are based on general observations, checked by following the rise and fall 
of the tide. They apply primarily to open rock, and only in part to pools, 
where conditions are somewhat modified. They may conveniently be 
summarised in the following diagram, which, however, includes only those 


Or 
to 
Or 


INTERTIDAL FAUNA AND FLORA OF SOUTH AFRICA 


species whose zonation is clearest, leaving the others to be fitted in when 
more detailed information is available. The diagram indicates the order of 
appearance of the species, in quantity, from above downwards. It should 
be understood that there is much overlapping, and that the diagram covers 
average conditions. Any species is liable to occur at some exceptional level 
under modified local conditions, such as are to be found on vertical, over- 
hanging, shaded, or specially splashed rock-faces, or in pools. 


Granularis 
Oculus and Granatina 
Longicosta 
Cochlear 
Argenvillei 
Patriarcha and Compressa 


The relative abundance of the species. 

So far the relative abundance of one and the same species at different places 
has been discussed, but nothing has been said about the relative abundance 
of any two species at a locality where both are plentiful. It has not been the 
object of this work to determine the latter relationship, but some of the figures 
incidentally give a clue to it. In Table VI the figures given in Table I have 
been averaged in such a way as to bring this out. From the resulting figures 
a scale of terms (shown in the second column) has been worked out, ranging 
from * very abundant’ to “ uncommon ’, and these words have been employed 
in this sense in our accounts of the various species. It must be added, however, 
that this scale has been severely checked by general observation, and is by 
no means based on these few figures alone. The further averages given in 
Table VIII suggest that there is in fact no such marked difference in abundance 
between Patella argenvillei and P. granatina on the one hand, and P. longicosta, 
oculus, and barbara on the other, as the figures in Table VIL would indicate ; 
but since general experience indicates that there is some difference between 
these two groups, they have been distinguished as ‘abundant’ and ‘ very 
common ’ respectively. 


Records from other sources. 

The conclusions given in the foregoing paragraphs have been drawn 
exclusively from our own records, and these records refer to living animals 
observed in quantity in their natural habitats. It must not be forgotten 
that other records exist—published records in the literature and private 
records in the possession of systematic workers. In this connection we are very 
much indebted to Mr. J. R. le B. Tomlin of the British Museum, who has placed 
his records both from the literature and from collections which he has examined 
freely at our disposal ; and to Dr. K. H. Barnard of the South African Museum, 
who has provided us with similar information. A contemplation of these 
records shows that in the main they confirm the conclusions already outlined, 
or extend the range of the species somewhat, at one or both ends of their 
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respective areas of distribution, but without altering the essential significance 
of our results. In a few cases, however, they disagree with our observations. 
For instance, Putella compressa is recorded farther east than we have supposed 
it to extend (Port Elizabeth, Sowerby, 1892, p. 49; Port Alfred, Bartsch, 1915, 
p- 148; etc.); the same applies to P. granatina (Port Alfred, Bartsch, 1915, 
p. 141; Turton, 1932, p. 163); and Cellana capensis is recorded from much 
farther west than our observations would indicate (Port Alfred, Bartsch, 1915, 
p. 144; Turton, 1932, p. 168; Port Elizabeth, Sowerby, 1892, p. 50; Table 
Bay, Krauss, 1848, p. 54; etc.). It has been difficult to decide how much 
weight ought to be given to such records. They are open to the objection 
that a high proportion of them refer, not to shells collected from living animals, 
but to empty shells washed up on the beaches. Although accumulations of 
such shells often give an indication of the nature of the local fauna, it is never- 
theless true that they may contain shells which have been brought from a 
great distance, and it is by no means easy to be certain what proportion of 
any such collection is of local origin. In this connection Smith (1890, pp. 248, 
312) has shown clearly that South African shells (including Patella compressa) 
reach the shores of St. Helena on drifting weed from the Cape, but that although 
some of these even arrive at St. Helena alive, few of them appear to establish 
themselves there. St. Helena lies some 1700 miles from Cape Town ; and if 
shells can travel such a distance on seaweed, on logs of wood (e.g. Turton, 
1932, p. vii) and in other similar ways *, it means that the record of the beach- 
washed material must be interpreted with great reserve. Furthermore, many 
of the records in the literature apply to one or a few shells, with no statement 
as to the abundance of the species at the locality in question; and, as in any 
animal group, a certain proportion of the records (especially the older ones) 
is based upon uncertain or incorrect identifications, such mistakes being 
peculiarly liable to happen with beach-washed material. 

This being so, we are afraid to modify our conclusions, based on the 
examination of thousands of living individuals in situ, in favour of records 
which may have very little actual significance. So far as it is possible to judge, 
the risk of falsifying the truth will be greater if we draw conclusions from 
them than if we ignore them altogether for present purposes. We do not 
doubt that future work will correct and amplify our conclusions ; but, if the 
results given in this paper be taken as a starting-point, they can be revised 
as new information, based on living material quantitatively observed, comes 
to hand. In any case the records in the literature cannot be fully evaluated 
until a systematic revision of the family has cleared up the synonymy of the 
species ; and in connection with such a revision, it is our intention to examine 
the records critically at a later date. 

Lastly, the question of beach-washed shells is affected by the following con- 
sideration. It is possible that a given species may occur in the intertidal 


Mr. Tomlin has even received specimens of British species (e.g. Trivia eurcpaea, 


Rissoa parva) collected on South African beaches, which had apparently reached there in 
ballast. 
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area in one region, and be limited to the sublittoral zone (below low-water 
level) in another. Even if it was confined to the sublittoral, its empty shells 
would be found on the beach, just as if it had lived in the intertidal zone ; 
but their presence on the beach would give no indication as to which of the 
two zones they had inhabited during life. 


Conclusion. 


The data so far accumulated are summarized graphically in fig. 13, for the 
twelve species of Patellidae concerning which the information is most adequate. 
This diagram by no means represents the last word on the matter, but should 
prove a satisfactory basis for future work, and is probably correct in essentials. 
It indicates that the Cape Patellid fauna includes the following elements. 

(1) Species abundant on the east coast, and overlapping little if at all on to 
the south coast (Cellana capensis, Patella variabilis). 

(2) Species abundant on the west coast, continuing to a certain extent 
along the south coast, but probably not reaching the east coast (P. granatina, 
P. compressa). 

(3) Species resembling those in category 2 in distribution in attaining their 
optimum on the west coast, but with a more extended distribution along the 
south coast, so that they reach the east coast (P. argenvillez). 

(4) Species abundant along the whole coast from Port Nolloth to Durban 
(P. granularis, P. barbara). Both of these show a decrease in average size from 
west to east. 

(5) Species characteristic of the east and south coasts, particularly of the 
latter, but dying out on the west coast (P. longicosta). 

(6) Species abundant on the south coast and on the southern parts of both 
east and west coasts, but disappearing in the northern parts of both coasts 
(P. cochlear and probably P. oculus ; the latter dying out more rapidly than 
the former on the west coast). 

(7) Patella miniata and P. patriarcha are present along the greater part of 
the coast ; their occurrence in Natal is as yet uncertain. 

The connection between this distribution of species and the arrangement 
of warmer and colder water-masses round the coast is so obvious that it hardly 
needs description; and it is evident that the several species occur in very 
different temperature-ranges, but that some of them are much more sensitive 
to changes in temperature than others. Until conditions around the South 
African coast have been further elucidated, it can hardly be stated whether 
other factors accessory to variations in temperature are involved. It may be 
noted, however, that the distribution of different types of rock round the coast, 
as a substratum for the limpets, does not appear to affect the distribution as 
a whole, although it may have some local effect on their size and number. 

The question arises, how far the South African Patellidae are endemic, 
and whether any of them have affinities with species belonging to other geo- 
graphical regions. This cannot at present be answered categorically, because 
its final solution would involve something approaching a revision of the 
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Patellidae of the world. There is little doubt that some of the species (e.g. 
P. cochlear) are limited to the southern part of Africa, and in the present state 
of our knowledge several appear to belong to this category. On the other 
hand, we suspect others of being linked by intermediate forms with species 
belonging to other areas, but cannot yet demonstrate this. One of the 
species, however, Cellana capensis, has undoubted affinities with Indian Ocean 
forms which have been described under other names, with some or all of which 
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A diagram illustrating the distribution of Cellana capensis and of eleven species 
of Patella on the South African coast. The black bands representing the 
distribution of Patella patriarcha and P. miniata are cut short at East London, 
since the indications as to their occurrence beyond that point are insufficient. 


it may be identical. The forms in question include Cellana cernica (H. Adams) 
[=Patella novemradiata Q. & G.]; Cellana radiata (Born) [=C. reynaudi 
(Deshayes), C'. aster (Reeve), ete.]; Cellana capensis, subspecies karachiensis, 
Winckworth * ; and perhaps others. 


* The synonymy of C. cernica is dealt with by Tomlin 1937, p. 176; that of C. reynaudi 
by Winckworth, 1928, p. 135. C. karachiensis is described by Winckworth, 1930, p. 80. 
I have used here the name radiata (listed with a query by Winckworth) for C. reynaudi, 
since Born’s figure of it (1780, pl. 18, fig. 10) seems undoubtedly applicable to the form 
im question, I am much indebted to Mr. Winckworth and Mr. Tomlin for allowing me to 
inspect their material of these forms and for presenting me with specimens. 
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IV. Summary. 


oA. preliminary account of zonation round the South African coast, from the 
Port Nolloth to the Durban districts, is given. For descriptive purposes 
the intertidal area has been divided into the following zones, from above 
downwards (1) a Littorina Zone, partly intertidal and partly supralittoral, 
characterized by a population of few species, amongst which species of Littorina 
are prominent ; (2) a Balanoid Zone characterized by the presence of acorn 
barnacles and/or Patella granularis, among many other forms, and commonly 
divisible into upper and lower sub-zones, the lower of which is distinguished from 
the upper by the presence of certain species lacking in the upper ; (3) a Sublittoral 
Fringe, including the lowest part of the shore, with a rich population in which 
one or more of the following communities tend to dominate—Laminarian, 
Ascidian, Zoanthid, Mixed Algal. Along a considerable part of the coast 
a further zone, the Cochlear Zone, characterized by the presence of Patella 
cochlear, is present immediately above the sublittoral fringe ; and in the 
northern part of the west coast this is replaced by a similar Argenvillet Zone, 
inhabited by Patella argenvillei. The principal variations in the populations 
of the several zones, on different parts of the coast, are indicated. It is suggested 
that the conceptions of a Littorina zone and of a sublittoral fringe, and of 
a Balanoid zone (or of some suitable counterpart) are applicable to coral reefs 
and in northern latitudes, and that it may be possible to adapt their use for the 
intertidal belt of many if not all parts of the world. 

A more detailed account is given of the vertical and horizontal distribution 
of the South African species of the Patellidae, and a summary of the con- 
clusions derived from this work will be found on p. 527. 


V. TABLES. 

TasLE I—Showing the numbers of individual limpets present on six traverses, 
each a yard wide, extending across the shore from the level of high water 
to that of low water, of spring tides. All the limpets on each traverse 
were collected and sorted. 


St. James | St. James | Git Kom- Hout Bay. Sea 
(A). | = 053) _ metije. | Point. 
| | | 
P. argenvillei..... 8 | 3 | 19 56 153 466 
P. barbara....... 58 | 27 103 | 89 59 | 76 
IP cochlear | 3. +1 13879) § 12135 || 989 | 862 1103 986 
| P. compressa ...- ‘Oe Om i) io 23 32 | 40 
| P. granatina .... 2 1 2 | 247 185 | ee 
P.granularis .... 465 2) a 256 | 293 | 318 | 1296 
P. longicosia .... 108 94. | 50 | 1 0 | 0 
P.miniaia ..... 10 3 8 0 1 8 
| P. oculus ....... 76 Re | 83 3 | ) | 0 
P. patriarcha .... 2 Lr 0 Or =| 0 | 1 
| | 


5380 PROF. I. A. STEPHENSON ON THE CONSTITUTION OF THE 


TaBLE I1.—Showing the numbers of individual limpets of three species collected 
in half an hour at the same localities ; one species only was collected 
during any one half-hour. The figures have been doubled to give the 
number which could be collected per hour. 


P. grana- | P. longi 
tina. renee! PF. oculusr | 
| | | 
—_—_——$————————— | 

Sb, Temiek Cae yecatee epee ae: | 42 | 384 404 
GlonGairnl mere cistencts sy ole teielate iets 58 368 388 | 
Smitewinkel Bay ....:.----+.: | 308 | 362 420 | 
I Buliels Bay utes ny Ainge 14 398 378 
Cape Point (Atlantic side) ..... | 338 356 406 | 
Olifants Lom Uaeeaemenes etree eres 384 | 90 318 | 
UGyAG) sanooduutoe ots Opec 390 52 116 | 

) Elout Bay Geese. cee ee 406 + 48 

IACaMpss Ba Varentae hte iectie eee 376 0 4 

Soa Pot genase tte eyes 394 0 0 

| Blaauwbérg ..-...5..0.-.5.+.- 402 0 0 


TaBLeE I1J.—Data supplementary to those in Table IL, obtained by the same 
method. Abundant species were collected for 10-30 minutes, scarcer 
ones for 30-60 minutes ; the results are expressed as the number which 
could be collected per hour. Most of the figures represent averages 
taken from 2 or 3 independent counts. 


| | 
P. grana- P. longi- | 


tina. costa. Focal | 
Melk boschitis <t16 worn rancus aioe 388 0 114 | 
Cape of Good Hope ........... 266 291 468 
Cape Point (False Bay side) .... 282 55 426 | 
Smitswinkel’Bay <...muuse ne 61 219 520 | 
Seaforth'(A) ssctekuccs pean 168 416 504s 
pesforth(B) Marcy cea 6 260 295 | 
Gen OAH bese ee. < eed 3 | 347 408 


Site AM68 Se eerie arc ere 30 308 456 | 
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TaBLeE IV.—Showing the numbers of individual limpets of three species counted 
in a given time at the same localities. The limpets were not collected, but 
were counted in situ. The counting was usually for 30 minutes in the case 
of abundant species, 60 minutes for scarcer ones ; the figures are adjusted 
to show the number which can be counted per hour. 


P. grana- P. longi- | | 
lina. | costa. P. oculus. | 
| 

Ovi NGOs es neo cet 2: 5208 Cd 0 0 
Melicboschae Oe. os csc ee oes 2392 On 4 30 
Green) Point 2 ...,---1---.--- 2170 | 0 ©) 
Oudekraaleereice eis seterereainele | 3004 0 132 
IeQoyaaaeals) ooocco cop cconoadeds 5206 | 19 528 
Schustorsis sve Eee nea | 3030 11 148 
jPiknony Ieyoyoam Iowa Sg¢ouwecaogae 2870 85 4890 
Cape Point (False Bay side) ... .| say) 41 2460 
uitlers ena 5 Genco oe doctsoned | 38 2146 2722 
See lexes wet a ties ec ule oe se | 32 1064 928 
(Bere LAR Ae Cocagneshoddone | 0 4782 4744 


TABLE V.—Showing the variation in size of the shell of Patella granularis at 
different localities. ‘The ten largest specimens to be found at each locality 
were collected and measured ; the figures given are averages calculated 
from these ten sets of dimensions. The measurements are given in centi- 


metres. 
| Length. Breadth. 

Sear Rointie itt rt ocr ernrens ec | 4-9 4-0 
INHlout Bayou sencier errr 5-2 4-3 

Kommetje .......-..---+++0e- 6-3 5-2 

Olifants Point ......-.-.+++++- 5-9 4:8 
Cape Point (Atlantic BIS) ewer | 4-8 3°7 
leiuftels Bayou... -o eet: | 4:5 | 3°7 
UP Glomediric ies ee feck a arenes 3:8 | 2-9 
HES Per iagrnesi CA rtenteletete Scpnentdea= T= Sh7 | 2-8 
| St. James (B)...-.+---+ee- see | 3-9 | 3:3 
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TapLe VI.—Data supplementary to those in Table V, obtained by the 
same method. The measurements are given in centimetres. 


| | Length. | Breadth. 

| | 
Port Nollot ee ee nee eer ar ate 
WRAL A ofela) Sancconenaccorsndse 5-9 4:9 

| Green Point .............++-.+| 5-7 | 4-9 

Ga, Pobrano ete 5:6 4:7 
OneGerle, ocacnodoonun boone 6-5 | 5-5 

We Llandudnopncttettenerers «seerpeatsiners | 5:5 4-4 
ISK IBEW! coaosodonosnoosnoes 4-9 3-9 
KommetjOReacrecsclerteicive net rere es 7:3 6-0 

ipSchusters say eee tee 74 5-9 
Olifants, Poitier | 6:5 | 5:4 
Ib H leYoyoem Ietotny Gocnconcanac 6-6 5-4 | 
(ORF Soon concondcanar we 5:0 3°8 
Buffels Bay (cca sste octane 5:8 4:7 
Millers Point ierclerere sie kore ees 4-9 3-9 | 
Seaforth tases ds einen 4-5 3°5 

te GON. CAATIN oreo iaisie cle, oe lets ener et oyers 5:2 4:2 
Sts JaMosis nea ocse os trkeene te ote | 4-4 3-4 
Still Bay gacvecto oo ore ceine <cssee re 3-7 2-8 
Port Wliza betbigere ici eer | 3:8 2-8 

Bast Londons ane ts te 3°6 2-7 | 
Isipingo se. steeecie. eee 3:1 | 2-4 | 


TasLE VIT.—In this table the numbers given in Table I have been averaged to 
give some indication of the relative abundance of the species. In the case 
of those which are more plentiful on one side of the Peninsula than the 
other, the averages refer only to the places at which they are most plentiful ; 


where the species is equally plentiful on both sides, the average refers 
to all six localities. 


Ps COOLUEGN: nie en enone eters 1090 

IPS GNANULGTS Cea ee des ane 
SOT GCTULLLGUs wee ener 225 

IES OT ONGC mnie ree tee B19 (ene 

EZ LONG UCOSLC mene nee 84 

FP OCULUS Mer niet Seer ee 71 } Very common. 
Vee RTO eas ok co Om bietic 69 

ES CONUDT ERS ire niente 32 Common. 
PIMUNGE coy en eee 5 Fairly common. 
I Bers eh HOLE) role evens ate 1 Uncommon, 
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TaBLeE VIII.—In this table some of the figures given in earlier tables are averaged 


for comparison with those in Table VII. The count given for P. argen- 
villet is an addition. The two items marked with an asterisk represent 
single counts, the rest averages. These figures represent the number of 
individuals which can be collected or counted in situ per hour. 


alae ash ae) 


- argenvillet ........... Not collected. | Not collected. 2640* 
RET, ooo do bos ane 392 | 388* 3411 
| UDRGMECRE:, Sane accanae | 378 | 310 2664 
1 OGHMIS nacnioouncaues 397 437 2798 


| 

| Number Number Number counted 
| collected per hour | collected per hour. | in situ per hour. 

| 


Tarte IX.—-A list illustrating the nature of the mixed algal community (see 


p. 504) of rather small algae, frequently prevalent in the sublittoral fringe, 
as it appears in two districts. The list is not complete, but enumerates as 
many of the more abundant forms as the data hitherto available permit. 
Certain of the species recorded here for one district only may later prove 
to be characteristic of the other also, but this probably does not apply 
to all of them. In the third column are given the initials of the algologists 
who determined the material upon which the records are based : CAD Ss 
Miss CL. Dickinson» H.K;, Prof. H. Kylin=- T.Ie, De. T. Levring ; 
A.V.M., Dr. A. V. Manza ; G.F.P., Dr. G. F. Papenfuss. 


re | oxy Material 
Name of alga. Isipingo_ Blizabeth | determined 
district. | _.- b 
region, vy 
| 
CHLOROPHYCEAE. | 
Bryopsis myosuroides Tita, Sgocoeogeacaca0rs x x ARs (Elbe 
Caulerpa Holmesiana Gi, Whey oocucovonsese < G.H. Ee 
vs ligulata Harv. ....---++- ssc e tere eees x x |) C1... G.B. ER: 
is racemosa (Forsk.) J. Ag. «--+--+++++ x | sane 
Cladophora prolifera (Roth) Kiitz.......---+-+ x | re ae i a 
| Halimeda cuneata Hering ...-+--++++++++ers x x | C.I.D., G.F.P. 
| 
PHAEOPHYCEAE. | ae 
Dictyota dichotoma (Huds.) Lamour. ...-..-+--- Se | xe | ‘ z és 
,  dichotomavar. impleaa (Lamour.) J .G.Ag.. x Pat os ze é Z 
naevosa (Suhr) J. Ag. -------ese0r0 ete | x x | LOM rl hes (Ea aha er 
i a pons 


Stoechospermum Suhria kits  _Soopeo odo ta0m | 
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TaBLE IX (continued). 


ye | Port Material 
Name of alga. jp ee | Elizabeth determined 
district. | ‘region. by 
RHODOPHYCEAE. 
Non-calcareous forms : 
Callithamnion stuposum Suhr .... 2.60. ee ee eee Me Be HK, Giksbe 
Chondrococcus Hornemanni (Mert.) Schmitz. .... Me x Ke 
* Lamberti (Subr) Kiitz. .......... x x HK. 
Corallopsis aculeata (Hering) Holmes .......... x | Cups 
Dicurella flabellata (J. Ag.) Harv............... < G.F.P. 
Galaxaura natalensis Kylin ................-.. x ELS 
Gelidium cartilaginewm (Linn.) Gaill. .......... x GREP 
* HAO (MMA) KES, Soacocesneaces x x GE 
Hypnea musciformis (Wulf.) Lamour. .......... x GHes 
1  Clelteaganes (Sholatp) WAG ogo ooncoudouEOCAs x x C.D. GHP? 
Laurencia flecuosa Kiitz. (or its var. pumila Grun.)) x x FEISS 
a GLOMETALO IN UOT, si toreracitete ae neraicie rset aie x HK 
xs MVGLALONSTS VIS V LITE nett apne rete tchoe eaeits | 4 x Laine. 
Plocamium corallorhiza (Turn.) Harv. ........ x G.E.PY 
5 glomeratiwn, Ji, GaGa sie aie « * < EK 
ae UGLAUIYE LSOLY sieceirsrhereyehete sre siaya acral x HK 
a RODETIVAEN SCOT UZ terete eee x Coes 
Prionitis nodifera (Hering) Bart. .............. x C.L.D. 
Rhodymema natalensis Kylin ................ x H.R. 
Spyridia cupressina (Harv.) Kiitz. ..........+. x EER Gok be 
Corallinaceae. 
Amphiroa dilatata Lamouroux ............... | x A.V.M. 
ephedraea (Lamk.) Decne ........... x x A.V.M. 
Arthrocardia linearis Manza ................. ox x A.V.M. 
ae Stephensonii Manza .............. x A.V.M. 
Cheilosporum cultratum (Harvey) Aresch. ...... 4 < A.V.M. 
if flabellatum (Harvey) Aresch. ..... Se A.V.M. 
Duthiea Setchellit Manza ...............0-.«. | Ne A.V.M. 
Jania diguata Manze 5. ...0...0ecec cts veve. x A.V.M. 
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EXPLANATION OF THE PLATES. 
PLATE 14. 


Fig. 1. Patella cochlear (4 specimens). The substratum and the shells of the limpets are 


covered with lithothamnion. Growing on the latter, and surrounding the 
large limpet, is a fringe of the red alga Gelidiwm pristoides, in a prostrate form, 
The small limpet on the shell of the larger one has a subsidiary Gelidial fringe 
of its own, and the small limpet in the lower right-hand corner of the figure 
has the beginnings of a fringe. From a photograph by T. A. Stephenson. 


Fig. 2. Patella longicosta (2 specimens). The irregular dark area in the centre of the 


picture represents a sheet of the encrusting alga Lepadoderma africanum. 
Upon it is a large limpet, whose outline is obscured because its shell is overgrown 
with algae. The irregular pale markings on the Lepadoderma represent the parts 
of the alga which have been eaten away by the limpet. The Lepadoderma 
is surrounded on three sides by lithothamnion (pale), with corallines below, 
and a small limpet is visible on the left. From a photograph by T, A, Stephenson. 


PuLatE 15. 


A field of Patella argenvillei near Schusters Bay, Cape Peninsula. Some of the small 
limpets on the shells of the larger ones are P. cochlear. There are tubes of the 
polychaet Gunnarea capensis behind the limpets. From a photograph by G. J. Broek- 


huysen. 
PLATE 16. 
Fig. 1. A field of the zoanthid Palythoa nelliae, in the sublittoral fringe at Isipingo. From 
a photograph by T. A. Stephenson. 
Fig. 2, A dense grouping of the anemone Bunodactis reynaudi at Hout Bay, Cape 
Peninsula, From a photograph by G. J. Broekhuysen. 
PLATE 17. 
Fig. 1. A general view of the Laminarian zone south of Slangkop lighthouse, Cape 
Peninsula, From a photograph by G. J. Broekhuysen. 
Fig. 2. Part of the Balanoid zone at Still Bay. A group of specimens of Chthamalus 


dentatus on the wave-swept seaward face of a rocky ledge. From a photograph 
by T. A. Stephenson, 
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New South African species of the genus Caeculus (Acari). By R. F. LAWRENCE, 
Ph.D., Natal Museum, Pietermaritzburg, South Africa. (Communicated — 


by the ZooLogicaL SECRETARY.) 
(With 5 Text-figures) 
[Read 27 October 1938] 


Tue following paper contains a description of four new species of Caeculus 
Dufour, a genus not hitherto recorded from the South African subregion 
(South of 17° latitude). 

Dr. Mare André has recently given an excellent account of the genus, * Notes 
sur le genre Caeculus Dufour (Acariens) avec descriptions d’espéces nouvelles 
africaines ’, in Bulletin de la Société d’Histoire Naturelle de lAfrique du 
Nord, vol. xxvi, pp. 79-127, 1935. Of the sixteen species listed by 
Dr. André from Europe, Africa, South and North America, the following eight 
have been found in Africa: C. echinipes Dufour, C. spatulifer Mich., C. muscorum 
Luc., C. hirtipes Berlese, C. sudanensis Tragardh, C. sclerodermatus André, 
C. hoggarensis André, and C. mossambicensis André. The locality of the last- 
named species is, therefore, that situated nearest to the South African region. 

The forms described in this paper seem to be fairly evenly distributed in 
South Africa, being known from Zululand (Hluhluwe), Eastern Cape Province 
(Kingwilliamstown), Central Cape Province (Beaufort West), Western Cape 
Province (Tulbagh), Namaqualand near the Orange River, and South-West 
Africa, 

I wish to thank the authorities of the South African Museum, Cape Town, 
for their kindness in placing their material at my disposal. The types of all 
these forms, except that of C. hystrix, are deposited in the South African 


Museum. 
Genus CarcuLus Dufour. 


CAECULUS DESERTICOLUS, sp.n. (Figs. 1 a-d and 5 a.) 

Types, 37 specimens from Kakamas, Namaqualand. 

Dorsal surface——The large dorsal scute with a marginal pattern of fine 
ridges consisting of rows of minute black granules, fig. 1 a. The central portion 
of scute forming a slightly convex, subquadrate area, longer than wide, and 
separated from the sides by a low grooved depression ; this central portion 
with transverse ridges, these less distinct than those of the sides, the posterior 
ones formed partly of granules, the anterior ones smooth, shiny, and irregular. 
Eyes distinct, placed on a very low indistinct tubercle ; abdomen posterior 
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to the hind margin of the scute, with somewhat larger and more irregular 
granules than those found on the scute. ok 
Ventral surface.—Coxae in general as in fig. 5a, their outline indistinct, 
their surfaces covered with minute granules not forming rows or ridges ; 
anterior margin of coxa I with a row of fine hairs, these swollen apically, but 
slender at their bases and mounted on large blunt papillae. Genital region 
and anal region (uropore) both much longer than wide, bordered by elongated 
and parallel-sided scutes, these black, clearly defined, and strongly chitinized : 
laterally to these are still larger sub-marginal scutes, also strongly chitinized. 


Fie. 1.—Caeculus deserticolus, sp. n. 


a, dorsal surface of body ; 6, leg 1; c, the same of abnormal specimen 
d, hair of basifemur. 


The two openings situated very close to one another, distant about & the length 
of the genital opening. Genital opening with a row of 6 minute simple spines 
on each side, anal opening with 2 or 3 flattened hairs on each side. 
Mouth-parts as in fig. 5 a from seen below. 
Legs.—Leg I seen from above with large coarse hairs on the inner side as 
in fig. 16; trochanter and basifemur sometimes with only 1 large flattened 
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hair each, the small basal one being absent or concealed by concretions which 
have glued the hair to the side of the segment, fig. 1 c ; hairs of the inner side, 
seen under larger magnification, strongly spiculated, fig. 1d. Only the three 
distal segments with hairs on the extero-inferior surface, arranged as follows : 
genual with 2, the basal one smaller; tibia with 4; tarsus with 3, equal in 
size to those of the inner side ; tarsal claws unequal. Dorsal surface of leg I 
extremely rugose, with short transverse ridges of minute granules (trochanter 
with about 3, basifemur with about 4) ; in addition a number of large distinct 
black papillae on these segments, arranged in two irregular rows, bearing 
short, slightly curved hairs. 

Dimensions —Length of body 1,410, width of body 900 pu, length of 
leg 1 900 p. 

Other records: 13 specimens from Steinkopf and 10 from Viools Drift, 
both localities near the Orange River, Namaqualand. One specimen from 
Beaufort West, Cape Province, and eight from Kamanyab in the Kaokoveld, 
S.W. Africa, differ slightly from the above description in having granular 
ridges taking the place of rows of granules on the dorsal scute. Otherwise 
they appear to be identical with the typical form. 


CAECULUS MONTICOLUS, sp. n. (Figs. 2 a, 6 and 5 0.) 

Type, 1 specimen, Great Winterhoek Mountains, Tulbagh, Cape Province 
(altitude 4,500 feet). 

Dorsal surface.—Dorsal scute as in fig. 2 a, with some ill-defined transverse 
corrugations dividing it into a number of indistinct areas ; an indistinct central 
subquadrate area separated from the marginal portion of the scute by an 
ill-defined depression ; two blackish-brown subcircular markings on each side 
of the dorsal scute. 

Ventral surface —General appearance of the coxae as in fig. 5 6, these smooth 
and much more clearly defined than in the other species described in this paper ; 
anterior margin of coxa I with 5 slender rod-like hairs, thickening gradually 
toward their apices ; hairs of the ventral surface becoming successively smaller 
posteriorly, those posterior to the coxae very small. Chitinization of the 
genital and anal areas not as strong as in C. deserticolus, the chitinous margins 
of the genital opening with 6 minute simple spines on each side, those of the anal 
opening with 2-3 much more flattened hairs. The skin of the ventral surface 
not occupied by the coxae and the genital and anal fields, with fine striations, 
as at the sides of the dorsal surface, fig. 2 a. 

Mouth-parts as in fig. 5 6 seen from below. 

Legs.—Leg I with the spines of the inner side arranged as in fig. 2 b, these 
spines powerful, smooth, and mounted on long, strong, conical tubercles. 
Dorsal surface of leg I covered with small, finely spiculated hairs, arranged 
in two more or less regular rows, those of the tarsus slightly longer and smoother 
than the others. Dorsal surfaces of remaining legs with similar hairs. Dorsal 
surface of leg I not very rugose, the basal segments with transverse ridges. 
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Junction of segments II and ILI (basi- and telofemur) unusually well defined. 
Spines on the infero-exterior side of leg I as follows: trochanter with 0; 
basifemur with 1 long spine; telofemur with 0; genual with 2, the basal one 
equal to the basal spine of the inner side, the apical one equal to the middle 
spine of the inner side ; tibia with 4 spines, similar to those of the inner side ; 
tarsus with 3 spines, smaller than those of the inner side; claws of tarsus 
unequal. 


Hig. 2.—Caeculus monticolus, sp. n. 
a, dorsal surface of body ; b, leg I. 


Dimensions.—Length of body 1,430, width of body 920 pw, length of 
leg I:1,550 pw. 

One other specimen from the Great Winterhoek Mountains (altitude 
4,700 feet). 


\ 1 SI y a7 i £ 
CAECULUS ANDREI, sp.n. (Figs. 3 a-d and 5c.) 
la al « ° e . . . . 
Types, 3 specimens, Green River, Kingwilliamstown, Cape Province. 


ra surface.—Dorsal scute as in fig. 3a, indistinctly divided into areas, 
hese divisions much obscured by numerous minute grains of sand adhering 
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to the skin ; the hairs of the dorsal surface comparatively large, the sockets 
from which they spring very large ; these hairs, seen under higher magnification, 
spiculated. Integument, seen under high power magnification, covered 
with minute round granules. Eyes situated on a clearly defined tubercle. 
Ventral surface—General appearance of coxae as in fig. 5c; coxae ill 
defined, the hairs of the ventral surface conspicuous on account of the large 
clear circular areas from which they spring, the hairs themselves narrow at 
their bases but strongly expanded distally. Genital and anal areas not strongly 
chitinized, proportionately rather wider than in the remaining species ; about 
6 small but rather stout spines on each side of the genital opening, 3-4 large 


Fig. 3.—Cuaeculus andrei, sp. n. 


a dorsal surface of body ; b, leg if, showing spination of inner side ; 

> 

Cc leg II showit 1g spination of outer side > d, hair of inner side of telofemur. 
ae = 


hairs laterally to the genital area ; anal area wide, with 2-3 hairs on each side 
of the opening. Mouth-parts as in fig. 5 ¢. 

Legs.—Dorsal surface of leg I as in figs. 3b, c¢, with round tubercles arranged 
in two rows. Inner surface with hairs arranged as in fig. 3 b, all of these, 
especially those of the tibia, mounted on strong conical tubercles ; individual 
hairs, seen under higher magnification, spiculated, fig. 3d; outer side of leg I 
with hairs arranged as in fig. 3c. Leg II with hairs as in leg I, but these 


much slenderer at their bases, 
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Dimensions.—Length of body 965, width of body 585 p, length of leg I 
850 p. 

This form is distinctly smaller than the three other South African ones, 
and the specimens described here may possibly be nymphs. 

I have great pleasure in dedicating this species to Dr. Mare André, the 
renowned acarologist of France, whose researches have been of invaluable 
assistance to me. 


‘AECULUS HYSTRIX, sp.n. (Figs. 4 a—f and 5d.) 

Type, 1 specimen, Hluhluwe Game Reserve, Zululand. 

Dorsal surface-—The divisions of the dorsal scute very difficult to define, as 
all the spaces between the hairs and spines are choked with minute particles 
of sand and grit. The large curved hairs on the anterior half of the scute are 
smooth, silvery white in colour, and appear like the edges of flattened discs on 
account of the soil adhering tothem. The areas appear to be roughly as follows : 
a more or less quadrate area in the middle of the anterior third of the scute, 
its boundaries defined by curved hairs, the central portion of this area much 
depressed and concave; secondly, a large quadrate area, longer than wide, 
occupying almost all the remainder of the scute, defined by a longitudinal 
row of hairs and spines close to the lateral margins of the body, and a trans- 
verse row of short swollen hairs, including 4 longer spines, forming the posterior 
margin of the dorsal scute ; the large area strongly concave and filled up with 
particles of sand and grit ; each side of this area in its anterior half with 3 long, 
conspicuous, almost straight spines, these slightly spiculate ; the 4 long spines 
on the posterior margin of the scute more strongly spiculated than the spines 
of the lateral margin, the 4 long hairs on the posterior margin of the body 
still more strongly spiculated, fig. 4. The shorter hairs between the long 
hairs on the posterior margin of the body swollen and spiculate, fig. 4e. Eyes 
large and placed on a distinct tubercle. 

Ventral Surface —General appearance of coxae as in fig. 5d, coarsely and 
strongly rugose, clothed with fine hairs slightly swollen at their apices. The 
three hairs on the anterior margin of coxa I springing from large conical 
tubercles. The chitinized portions of the genital and anal areas very strong 
and clearly defined ; genital opening distinct, } its own length from the 
anal opening ; genital opening with 6 minute simple spines on each side, 
anal opening with 3 very small, slightly expanded hairs on each side. 

Legs.—Dorsal surfaces rough but without corrugations, covered with fine 
particles of soil. Leg I, fig. 4.6, with the spines on inner side unusually long, 
not spiculated, fig. 4c; trochanter flattened above, differing from most other 
species in having 3 large spines on inner side instead of 2. Dorsal surface 
of leg I with 2 rows of short sub-oval hairs, these spiculate, fig. 4d. Spines 
on infero-exterior surface of leg I very large and long, arranged as follows : 
trochanter with 0 ; basifemur with 4, the middle ones larger than the proximal 
and distal ones ; telofemur with 0; genual with 2; tibia with 3; tarsus 
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Fie. 4.—Caeculus hystrix, sp. n. 


a, dorsal surface of body ; 6, leg I; c¢, spine of inner side of leg I; d, hair on dorsal surface 
of leg I; e, short hair on posterior margin of body ; f, long hair on posterior margin 
of body. 


JOURN. LINN. SOC.—ZOOLOGY, VOL. XL 40 


544 DR. R. F. LAWRENCE ON 


with 4, the apical one much smaller than the others ; with regard to spination, 
therefore, the outer and inner sides of the three distal segments are symmetrical. 
Claws of tarsus very unequal. 

Dimensions.—Length of body 1,590, width of body 1,000, length of 
leg I 2,150-2,200 p. 


The species C. hystrix, C. sudanensis, C. mossambicensis, and C. hoggarensis 
seem to form a natural group characterized by the more or less similar arrange- 
ment of the hairs of the dorsal scute. These forms are also distinguished by 


Fic. 5.—Coxae and mouth-parts of : a, Caeculus deserticolus, sp. n.; b, Caeculus monti- 
colus, sp. n.; ¢, Caeculus andrei, sp.n.; d, Caeculus hystrix, sp. n. 


possessing long and strong spines on the inner sides of the segments of leg I, 
except the trochanter ; on this character C. spatulifer should also be included 
in the group. 

C. hystrix resembles C. sudanensis more closely than any other species in having 
long straight spines projecting outwards and upwards from the lateral margins 
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of the dorsal surface ; there are, however, only 3 pairs in C. hystrix as opposed 
to 5in C. sudanensis. It further resembles C. sudanensis in the spination of the 
five distal segments of leg I, differing from it in having straight smooth spines 
on the inner side of the trochanter, while there are 2 more or less spiculate 
and spatulate ones in C. sudanensis ; in the same way it resembles C. hoggarensis 
and C. mossambicensis in the spination of the four distal segments, differing 
from them in the armature of the trochanter and basifemur ; from C. spatulifer 
it also differs in the spination of the trochanter and basifemur, having 1 more 
spine on each of them than has CO. spatulifer. 

All the South African species have the claws of leg I very unequal, agreeing 
in this character with the great majority of the species of the genus. 

One species, C. deserticolus, is found in typical arid desert conditions, one is 
a mountainous form living at considerable altitudes, and the two others are 
inhabitants of open forest land. The South African species seem to favour 
hot and dry conditions more than moist ones, as they are quite common and 
occur in considerable numbers in the desert regions of Namaqualand, being 
always found under stones. They are also fairly common on the central 
elevated plateau of South Africa, the Great Karroo, a region characterized 
by great heat and low rainfall. From observations made in Namaqualand 
at the time of collecting specimens of C. deserticolus, it seems probable that 
these xerophilous forms are scavengers, feeding on decaying animal remains. 

A great deal of systematic collecting remains to be done, both in South 
Africa and in other parts of the world. No forms have yet been discovered 
in India, Eastern Asia, or Australia, but it is extremely probable that the genus 
will be found to have, if not a universal distribution, a considerably wider 
one than that known to-day. 

A full bibliography of the genus Caeculus is given in Dr. Mare André’s very 
able survey of the group quoted in the introduction to this paper. 
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Studies in the Arabian Orthoptera.—II. New and little-known Mantidae and 
Phasmidae *. By B. P. Uvarov, D.Sc., F.L.S., British Museum (Natural 
History). 


(With 5 Text-figures) 


[Read 16 March 1939] 


THE present paper represents a continuation of a series of notes on new and 
insufficiently known Arabian Orthoptera which are published as materials 
from that country accumulate and their study progresses. 

The specimens on which this paper is based were collected mainly by 
Mr. H. St. J. B. Philby, and are preserved in the British Museum collection, 
unless indicated otherwise. Full distributional data on the species discussed 
will be published in a list of the Arabian fauna when it will be considered 
sufficiently complete. 


MANTIDAE. 


EREMIAPHILA ARABICA Saussure, 1871. (Fig. 1, A.) 


1871. Hremiaphila arabica Saussure, Mem. Soc. Phys. Hist. Nat. Genéve, Xx1, 
p. 254, pl. 7, fig. 56. 

1905. Eremiaphila dawydowi Werner, Sitz. Akad. Wis. Wien, mat.-nat. Kl. cxiv, 
Abt. 1, p. 385, fig. 1 (syn. nov.). 

It was apparently owing to an oversight that Werner, when revising the 
genus Eremiaphila, placed . arabica Sauss. into his section 2, comprising 
the species with the elytra not longer than pronotum and head taken together. 
Actually, it can be seen from Saussure’s original description and the figure 
that E. arabica has the elytra definitely longer than head and pronotum 
together and should, therefore, be included into the section with long elytra. 
In that section there is only one species with the wings provided with an apical 
dark fascia, namely 2. dowydowi, which Werner has described as new. A 
detailed comparison of Werner’s figure and description of L. dawydowt with 
Saussure’s very full description of H. arabica reveals no differences except in 
general size. The size in Hremiaphila, however, is known to be very variable, 
and I have before me a series of specimens of HZ. arabica, including some from 
Jidda, which is the type-locality, and some of them even exceed the measure- 
ments given by Werner for H. dawydowt. Werner’s mistake was repeated by 
Giglio-Tos in his monograph of Mantidae, where #. arabica is again included 
into a group with short elytra, and Z. dawydowt is accordingly regarded as a 
distinct species. 


* See Linn. Soc. Journ., Zool. xxx1x, 1936, pp. 531-554. 
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E. arabica has been described from Jidda, and LE. dawydowi from Sherm 
|-Begga, south-west of the Dead Sea. The 


Sheikh in Arabia, Sinai and wadi E 
ng a wide distribution 


series before me includes numerous specimens showi 
of the species in Arabia, from the Midian (Burton), through Hedjaz, Asir and 


Nejd (Philby). A full list of localities will be published at a later date. 


EREMIAPHILA BRAUVERI Krauss 1902. (Fig. 1, B.) 


1902. Eremiaphila brauert Krauss, Anz. Akad. Wiss. Wien, no. 7, p. l. 

1907. Eremiaphila braueri Krauss, Denkschr. Akad, Wiss. Wien, mat.-nat. Kl. 
we OreTy ay. By fall Me watery, Uh, Wye 

1922. Eremiaphila levifrons Uvarov, Journ. Bombay Nat. Hist. Soc. xxv, p. 351 


(syn. nov.). 


Kta. 1—Under side of hind wings in Hremiaphila spp., males. 


A, £. arabica; B, EB. braueri ; © Y, H j 
KH. arabica; B, BE. braueri; G, BE. gene; Y, H. yemenita, sp. n. ; 
C, H. cycloptera, sp. n. 


a ee abe of three sige nhs from Muscat on which my description of 
?. levifrons was based appeared to represent a distinct species because of the 
elytral spot being visible from above. I have now examined additional speci 
mens from severat! localities in Central and S.E. Arabia (Rub ’al Khali Tawa 
Kuwait), and this character cannot be regarded as constant, In ee, rset 
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the types of laevifrons do not differ from the good description and figures of 
E. brauert Kr., described from ‘ Southern Arabia ’, and I regard the two species 
as synonymous. 

E. braueri is very close to L. arabica, differing mainly in the practically smooth 
pronotum and elytra, as well as in the uniformly pale-brown hind wings, with 
differently shaped posterior lobe, as can be seen from the figures. On the 
other hand, it seems to differ from the Egyptian H. cerisy Lef. only in the less 
rugose elytra, but as I have no authentic specimens of the latter before me, 
I abstain from expressing an opinion on its relationship to H. brauert. 


EREMIAPHILA GENE * Lefebvre, 1835. (Fig. 1, G.) 


1835. Eremiaphila gene Lefebvre, Ann. Soc. Ent. Fr. tv, p. 486, pl. xii, figs. 2, 2 a, 2b. 

1838. Eremophila genet Burmeister, Handb. Ent. 1, p. 525. 

1838. Eremophila zetterstedtii Burmeister, l.c. p. 525 (nec zetterstedt Lef. !). 

1838. Hremiaphila burmeisteiri Saussure, Mem. Soc. Phys. Hist. Nat. Genéve, XX1, 
p. 252 (syn. nov.). 


Lefebvre has described his Z. zetterstedt from the Suez desert, but Burmeister 
based his diagnosis of H. zetterstedtii on a specimen from Arabia Deserta. 
Saussure, without having seen Burmeister’s specimen, presumed it to be 
distinct from the true Z. zetterstedt Lef. and called it HZ. burmeistert. Thanks 
to Dr. W. Ramme, I have been able to study Burmeister’s specimen, i.e. the 
type of EL. burmeisteri Sauss., and found it exceedingly close to the Syrian 
E. gene, from which it differs only in slightly more densely tuberculate pronotum 
and a little longer elytra (as compared with the specimens of EH. gene from 
Aleppo and Urfa), while the shape of posterior wings and especially the very 
large blue-black spot on their underside, are exactly as in H. gene. Should the 
slight differences between Syrian and Arabian form prove to be constant, 
then the Arabian insect may, perhaps, be regarded as a distinct subspecies, 
but there can be no doubt that it is conspecific with the true H. gene from 
Syria. 

Re-description of £. burmeisteri given by Giglio-Tos (‘ Das Tierreich, Mantidae,’ 
1927, p. 52) is obviously based on a mixed series, and does not agree with the 
type even in the colour of hind wings. Presuming the wings to be unspotted, 
he has included #. hauenstenit Wern. among the synonyms, which is certainly 
incorrect. His record of H. burmeisteri from Persia must be also discarded. 

The female type of H. burmeistera studied by me is labelled “ Arabia des. 
Ehrbg.’ and bears a number label 530. This means that the specimen has 


been collected by Ehrenberg in Arabia Deserta. 


* Lefebvre made his specific names without adding an ‘‘i” either to proper names, 
or to substantives, from which they were derived, e.g. Hremiaphila audoin, gené, bové, 
khamsin, typhon ete. This may be regarded as an undesirable practice, but pit action of 
subsequent authors in adding the termination to such names (making them audoini, gener ete. 


is certainly not to be followed, 


41* 
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EREMIAPHILA CYCLOPTERA, sp.n. (Fig. 1, C.) 

A relatively small species, with the pronotum covered by minute scattered 
tubercles ; elytra a little longer than pronotum ; hind wings practically circular 
in shape, without any trace of black spot. 

Q. Face slightly gibbulose, the frontal shield being distinctly convex, though 
not marginated, and the vertex at the level of antennz and ocelli somewhat 
concave. Head above with minute scattered black tubercles. 

Pronotum a little wider than long. Front margin distinctly rounded- 
prominent ; lateral margin weakly wavy, very broadly rounded ; hind angle 
obtuse, with a small acute tooth ; hind margin broadly rounded, prominent. 
Surface in the prozona gibbose ; metazona with a pair of well-developed round 
gibbosities ; whole surface with scattered minute shiny tubercles. 

Elytra less than half again as long as pronotum, with the veins and veinlets 
very strongly raised and the cells depressed. Wings small, round; their 
anterior portion semicircular ; posterior portion forming practically no angle 
with the anterior, slightly longer than wide, broadly rounded behind. 

General coloration brownish-grey, densely speckled and spotted with blackish- 
brown. Elytra on the underside with a large blue-black fascia, well removed 
from the margin. Wings light brown, without any spot. 

Total length 19-5; pronotum 4; elytra 5; hind femur 8 mm. 

S. Hedjaz : Daka, 17. x. 1931, 3 99 including the type (H. St. J. B. Philby). 

This species is probably near FH. cerisy of Egypt, not known to me from 
authentic specimens, but differs from the original description and figure of the 
latter by smaller size, and particularly by the shape of wings. 


EREMIAPHILA YEMENITA, sp.n. (Fig. 1, Y.) 


A species under medium size, allied probably to #. gene Lef., but differing 
from it in shorter elytra and smaller wings which differ both in the shape and 
in the pattern. 

2. Face broadly gibbulose, the facial shield being subconvex, though not 
marginated, and the vertex at the level of antennae and ocelli depressed. 
Occiput smooth. 

Pronotum distinctly transverse ; surface rugulose, but scarcely tuberculate. 
Prozona very strongly gibbose ; metazona at the hind margin with two large 
gibbosities. Front margin prominent, sinuate ; lateral margin scarcely sinuate ; 
hind angle very slightly produced outwardly ; hind margin strongly prominent. 

Elytra about half again as long as pronotum; veins and veinlets raised, 
with a few raised nodules ; cells moderately depressed. 

Wing small; anterior lobe hemi-elliptical ; posterior lobe elongate, with a 
distinct rounded angle behind, and forming an angle with the anterior lobe. 

Coloration brownish, mottled and dotted with dark-brown and blackish. 
Elytra underneath with a large blue-black fascia, well removed from the margin. 
Wing reddish-brown, underneath with a small blue-black spot, not touching 
the apex, 
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Total length, $18, 921; pronotum, $4, 24:5; elytra, $ 5-5, 96; hind 
femur, ¢ 8, 99:5 mm. 

Yemen: Sana, viii. 1931, 2 ¢3, 13 99, including the type (C. Rathjens). 
Type and paratypes in the Hamburg Museum ; some paratypes in the British 
Museum (Natural History). 


NILOMANTIS FLOWERI Werner, 1907. 

Described originally from Sennaar this species proved to be common in 
Arabia, where a good series of specimens has been collected by Mr. Philby at 
Jidda, Mecca, Taif, Midakhil, Riyadh and Khamis Mushait. The specimens 
are uniform in size and coloration and do not differ in any way from a specimen 
of the British Sudan. 

From Muscat another species, V. arabica Beier, has been described recently 
(Beier, Ann. & Mag. Nat. Hist. ser. 10, vol. vi, 1930, p. 438). It is distinctly 
larger than N. floweri, but the two red spots on the vertex which Beier considered 
as a character differentiating it from N. flowert are sometimes present in the 
latter species as well. 


AMELES ARABICA, sp.n. (Fig. 2, A.) 
Similar to A. heldreicht Brunner, 1882, but smaller, with shorter pronotum, 
and differing well from it in the structure of the posterior tarsus. 


Fic. 2.—Posterior tarsus in Ameles spp. 
A, A. arabica, sp. n.; H, A. heldreicht Br. W. 


gd. Head as in A. heldreichi, with distinctly conical eyes provided with an 
apical tubercle, which is mamillate in shape, obtuse at the apex. Facial shield 
moderately transverse ; its upper margin obtusely angulate. 

Pronotum relatively short ; little expanded above the cox : weakly 
constricted behind the middle. 

Anterior coxae unarmed. 
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Posterior tarsus relatively short. First joint (metatarsus) shorter than the 
second, provided with a double plantula, which is rounded at apex when viewed 
in profile. Second joint with a short apical plantula with rounded apex, and 
with a very low membranous ridge along the lower surface. Third joint shorter 
than the second, with similar plantula and ridge. 

General coloration brownish testaceous, with indefinite dark markings on 
the head and legs. Wings with brown main veins. 

Length of body 19; width of head with eyes 3-3; length of pronotum 4 ; 
maximum width of pronotum 2; length of elytra 17-5; hind femur 8 mm. 

Abhah, 15. vi. 1936, 1 3 (H. St. J. Philby). 

The structure of the posterior tarsus has not been used in this genus as a 
diagnostic character, but I believe it may prove very useful for the purpose. 
I have studied this structure in other known species and found that A. arabica 
differs well from all those which resemble it in the shape of the eyes. 

All known species of the genus are purely Mediterranean in their distribution, 
and the discovery of a species in Arabia is, therefore, of considerable zoogeo- 
graphical value. 


SINATELLA SABULOSA, Sp. Nn. 


Very similar to S. nebulosa Uvarov 1924, and different from it in the very 
pale stramineous coloration, without any trace of darker markings on the head, 
body, legs, or wings. Possibly represents only a subspecies of S. nebulosa, 
but the present material of both species is insufficient for reaching a definite 
decision. 

Length of body 31; pronotum 8-5; elytra 16; anterior coxa 5; anterior 
femur 5; posterior femur 8-5 mm. 

Raushah, v. 1936, 1g; Alam, 21. vi. 1936, 1g; Shudhaib, viii. 1936, 
1 3 (type) (H. St. J. B. Philby). 


Genus SPHODROMANTIS Stal, 1871. 
1871. Hierodula, subgenus Sphodromantis Stal, Ofver. K. Vet. Akad. Férhand. 
XXVIII, p. 390. 
1877. Sphodromantis Stal, Bih. K. Sven. Akad. Handl. tv (10), p. 57. 
1912. Sphodromantis Giglio-Tos, Bull. Soc. Entom. Ital. XLII, pp. 5, 61, 138. 


Stal was the first to point out the existence of two well-defined types of 
structure of the posterior genicular lobes in the Mantids referred before him 
to the genus Hierodula Burmeister, and to separate the species with pointed 
lobes into a subgenus Sphodromantis, which later came to be regarded as a 
genus. Giglio-Tos when revising the group in 1912, and in his later mono- 
graph (‘Das Tierreich,’ 50 Lief. Mantidae, 1927, pp. 420, 426) attempted to 
arrange the species of this group into three genera, Hierodula, Sphodromantis 
and Parhterodula, which according to him should differ not only in a number 
of morphological characters, but also in their distribution. The following 


DR. B. P. UVAROV ON ARABIAN ORTHOPTERA 553 


table summarizes the presumed differences between these three genera and 
Alalomantis, which also belongs to this assemblage :— 


. Costal Lateral 
Genicular ; a ae 
margin tubercles Distribution. 
lobes. 
of elytra. of vertex. 
Sphodromantis ...... Acute. Serrate. Present. Africa. 
Parhierodula........ Rounded. Serrate. Absent. Australia, 
Melanesia. 
Alalomantis ........ Rounded. Smooth. Present. Africa. 
EDGE OOUNG wells ie Rounded. Smooth. Absent. Asia. 


It will be seen that the three genera appear to differ by re-combinations of the 
same characters. This in itself is a perfectly admissible taxonomic method, 
particularly if all known species can be fitted into the scheme. Unfortunately, 
this is not the case, and in some species still other re-combinations of the same 
characters are found, which would necessitate the erection of further genera to 
accommodate them. Thus, for example, Sphodromantis aurea, described by 
Giglio-Tos himself as a member of that genus, has the knee lobes not pointed, 
but rounded, although the other two characters agree with the diagnosis of 
Sphodromantis. The same shape of knee lobes is observed in S. trimacula 
Saussure and S. gracilicollis Beier, and in both of these species the elytra are 
serrate only in the female sex, while the male has the margin smooth. Moreover, 
in S. gracilicollis the tubercles of vertex are just as small, as, for instance, in 
the Indian tenwidentata Saussure and bhamoana Giglio-Tos, which are referred to 
Hierodula because of the rounded genicular lobes and smooth costal margin 
of elytra. The tubercles of vertex are present also in venosa Oliv. quoted by 
Giglio-Tos as the genotype of Parhierodula, in which there should be no tubercles 
according to his own diagnosis. 

It should be clear that the combinations of characters proposed by Giglio-Tos 
to differentiate the genera H ierodula, Sphodromantis, Parhierodula and Alalo- 
mantis ave unsatisfactory, and the genera in question must be either re-defined, 
or synonymized. The only reason why I abstain from doing the latter is that 
it would be necessary to re-examine the large numbers of species described in 
these four genera (as well as in the closely related ones, e.g., Tarachomantis, 
Pnigomantis, Ephierodula, Camelomantis and Tisma). I would, therefore, 
restrict myself to the above criticism of the present classification, and to a 
proposal for re-definition of the genus Sphodromantis. | would, namely, 
suggest that the pointed posterior genicular lobes should be regarded as the 
decisive diagnostic character of Sphodromantis, as opposed to the other genera, 
with rounded lobes (see fig. 3). According to this definition, which is also in 
the best agreement with the original conception of Stal, such species of the 
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present Sphodromantis which possess rounded lobes should be transferred to 
Hierodula, regardless of the structure of elytra and vertex. This affects three 
species known to me, viz., Sphodromantis aurea G. T., S. gracilicollis Beier and 
S. trimacula Sauss., which all now become members of the genus Hierodula. 
This action breaks down the geographical separation of the genera Hierodula 
and Sphrodromantis, which was a purely artificial one. 


HIERODULA TRIMACULA Saussure, 1870. (Fig. 3, H.) 
1870. Hierodula trimacula Saussure, Mitt. Schweiz. Ent. Ges. vol. 3, p. 233. 
1871. Hierodula trimacula Saussure, Mem. Soc. Phys. Hist. Nat. Genéve, XXxI, p. 82, 
fig. 29. 
1878. Hierodula trimacula Wood-Mason, Ann. & Mag. Nat. Hist., ser. 5, 1, p. 147. 
1882. Hierodula arabica Wood-Mason, Journ. Asiat. Soc. Bengal, Li, p. 29 (syn. nov.). 
1907. Hierodula arabica Krauss, Denkschr. Ak. Wiss. Wien, mat.-nat. Kl., Lxx1, 


p. 3. 
1912. Sphodromantis trimacula Giglio-Tos, Bull. Soc. Ent. Ital. xxi, p. 146. 


1912. Sphodromantis arabica Giglio-Tos, l.c. p. 146. 
1917. Hierodula trimacula Giglio-Tos, l.c. xtvmm, p. 148. 
1927. Sphodromantis arabica Giglio-Tos, Das Tierreich, Mantidae, p. 428. 
1927. Hierodula trimacula Giglio-Tos, lc. p. 438. 
1933. Sphodromantis dhufarica Uvarov, Proc. Zool. Soc. London, p. 261 (syn. nov.). 
This somewhat long synonymy of this Mantid is due mainly to the brevity 
of Saussure’s original description, to his mistake in the locality of the type and 


Fic. 3.—Posterior knee. 


S, Sphodromantis viridis ; H, Hierodula trimacula. 


to the incorrect interpretation by subsequent authors of the generic differences 
between Sphrodromantis and Hierodula (as discussed above). 

Saussure in 1870 described H. trimacula from a single female which he 
stated was from China. In 1871 he repeated the same locality citation, 
but with a question mark, indicating that the type is in the Paris Museum. 
Wood-Mason at first (1878) determined a specimen from Oman correctly 
as H -trimacula of Saussure, but later on (1882) changed his opinion, without 
giving any reasons for this, and described it as H. (Sphodromantis) arabica. 
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Giglio-Tos in 1912 asked Dr. du Buysson to study for him the type of 
H. trimacula in the Paris Museum, and has been told that it is not from China, 
but from Persia, and that it has a serrate costal margin of elytra, which induced 
him to regard it as a true member of Sphodromantis, while he considered 
arabica of Wood-Mason as a doubtful species and probably synonymous with 
trimacula. In 1917, however, the same author stated, without any explanation, 
that trimacula is a Hierodula. In his final revision (1927), Giglio-Tos referred 
arabica W.-M. to Sphodromantis, and trimacula to Hierodula, quoting the latter 
species not only from Persia (the type-locality), but also from Muscat, apparently 
on the strength of the specimens named so by him in the British Museum collec- 
tion. The result was the apparent presence in Oman of two species, arabica 
and trimacula, belonging to two different genera. 

As I have now before me a considerable series of specimens from Oman, 
Qara mountains and other parts of Southern Arabia, I am able to state 
definitely that they all belong to one species, and that trimacula Sauss., arabica 
W.-M., and dhufarica Uv. are synonyms. This conclusion is based on the 
information about the structure of posterior genicular lobes in the types of 
arabica (kindly communicated by Dr. H. A. Hafiz, Indian Museum, Calcutta) 
and of trimacula (provided by my friend Dr. L. Chopard). In both the lobes 
proved to be rounded as in fig. 3, H, ie., as I consider typical for Hierodula, 
which establishes a close relationship between them. Since, further, both 
species are described as having the costal margin of the elytra serrate in the 
female sex, and the anterior coxe provided with three large callous spots, which 
are unusual amongst Hierodula, while no differences can be discovered amongst 
them, there is no other course open but to regard arabica as a pure synonym 
of trimacula. 

As regards my dhufarica, its claim to being an independent species was based 
on the presence of black spots on the anterior femora. More extensive material 
at my disposal now proves that these spots are an unstable character and cannot 
have specific value. 

There are, thus, only two large green Mantidae known so far from Arabia, 
one being the common Sphodromantis viridis (Forsk.), and the other Hierodula 
trimacula Sauss., and they can be easily differentiated by the shape of posterior 
genicular lobes (see fig. 3). 


ATTALIA PHILBYI Uvarov, 1936. 

This species has been described by me from a single poorly preserved male. 
Now I have before me four males (taken again by Mr. Philby, at Hausiya and 
Mishaga), and this enables me to give a supplementary description of the 
colour characters. 

Body and legs pale green. yes and pronotum above light-brown. Klytra 
with the costal margin light-green, non-transparent ; the rest hyaline, faintly 
iridescent and weakly infumate in the apical third, while the rest is more definitely 
brownish-infumate, with hyaline fascia beginning from the pale-yellow stigma 
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and reaching the posterior ulnar vein where it gives off a branch to the a 
of the elytron. Wings with an indefinite brownish spot in the middle ; ae 
margin purplish-red in the basal two-thirds and brown at the apex ; velns 
brownish ; membrane strongly iridescent throughout, becoming of definite 
rosy colour towards the anal edge, and in certain light the whole membrane 
appears rosy. 

The female of this beautiful little Mantid remains unknown. 


PHASMIDAE. 


BURRIA BRACHYXIPHA, sp.n. (Fig. 4, B.) 


1922. Burria longixipha Uvarov, Journ. Bombay Nat. Hist. Soc. Xxvul, p. 357 
(nec Burr !). 

Q. First antennal joint large, compressed, broadly rounded at the base, 
distinctly narrowed to the apex, bearing rather numerous stiff hairs ; lower 
apical angle distinctly prominent, acute. Second joint a little longer than wide, 
rounded (other joints broken off). 


B L 


Kia. 4.—Head in females of Burria spp. 
B, B. brachyxipha, sp. n.; L, B. longixipha. 


Head much longer than wide ; its sides in front of the eyes weakly prominent 
sideways and obtusely angulate ; surface minutely wrinkled, with some very 
weak round tubercles. 

Pronotum longer than wide, somewhat narrowed forward ; anterior margin 
with a distinct collar ; surface with a fine median sulcus, two broad and shallow 
sublateral sulci, and a broad widely bent transverse sulcus. Mesonotum nearly 
five times as long as pronotum, cylindrical, with a fine raised median line, and 
a few small round tubercles, each with a minute pit at the top; an irregular 
series of larger tubercles of similar structure runs along the lateral margin of the 
pronotum, below a distinctly raised lateral carinula ; mesopleurae with a regular 
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series of similar tubercles. Metanotum three and a half times as long as 
pronotum, median line fine, obsolescent behind ; tubercles on the disc minute, 
on the lateral lobes (i.e. below the lateral carinula, which is well raised) larger, 
and each provided with a minute pit at the top; metapleurae with very few 
tubercles, irregularly arranged. Median segment shorter than pronotum, 
without tubercles ; its posterior part soft. 

Last tergite with a small and very shallow apical emargination. Supra-anal 
plate small, carinate. Cercus about twice the length of supraanal plate, rounded, 
scarcely narrowed apically. Operculum six times the length of pronotum, 
more pointed apically than in B. longixipha. 

Coloration whitish-grey (discoloured parts brownish). 


breviatpha. longixipha. 

mm. mm 
Ghoymal IGyarale Gg ooacnnoonoonneodano dar 114 125 
[exgoinKnubar’ co cauounbedoGhoonbatmc JOO 4 4 
MEEORORUNN yoo docmceodauarpdocds soc 19 29 
WSR oon bho ooo cObMooo obo UmOOC 13°5 12 
Median segment .......--+-+++-eee5> 4 3 
Operculum .......--2...0ee eee e seen 24:5 32 
PNinerHTere Weayoe Go ho obeuooodeeuOnOC 28 25 
Wieeheriteibne oon nsecdueeooopoouDmoG 20 21 
[Yeatentaipiteesivly) 5 oocagcdoenoonovUOOdS 23 24 


Aden, 1 9, type (Major Yerbury) ; Ktubu, a female (7) larva (G. W. Bury) ; 
Talha, 2. xii. 1936, 1 9 (H. St. J. Philby). 

[have recorded the type-specimen under the name B. longixipha (Burr), which 
is a species described from Somaliland, but a direct comparison with the type 
of the latter proved that the Arabian insect is distinct. The most obvious 
difference consists in the shorter operculum, which in B. longixipha is eight 
times the length of pronotum and more than twice the length of metanotum, 
while in the new species the ratio is six in the first instance and less than two 
in the second. Apart from that, other morphological differences exist, par- 
ticularly in the shape of the head and of the first antennal joint, as can be seen 
from the figures (fig. 4). Sculpturing of mesonotum and metanotum is also 
distinct, the tubercles in B. longiaipha being much larger in size and simply 
rounded, without the curious apical pits, which can be discerned even on the 
smallest tubercles in B. brachyxipha if they are examined under sufficiently 
high power of a binocular. The last tergite in B. longixipha is more deeply 
notched at the apex, and the operculum, besides being relatively longer, is parallel- 
sided (when viewed in profile) almost to the apex, while in B. brachyxipha it 
begins to taper earlier. All these characters are sufficient to regard the Arabian 
insect as distinct specifically from the Somalian B. longixipha. It must be 
also distinct from two other Somalian species, B. citernti Br. W. and B. longela- 
minata Schulth., not known to me except by very brief descriptions. B. citernia 
is described as having a smooth thorax and relatively very long anterior femora ; 
B. longelaminata bears dense acute granules on the thorax. 


558 DR. B. P. UVAROV ON ARABIAN ORTHOPTERA 


The two paratypic specimens agree well with the type in the structure of the 
head and of the first antennal joint. 'The Ktubuspecimen is, however, somewhat 
smaller and possibly immature ; its sex remains unknown as the end of the 
abdomen is missing ; the thorax bears tubercles which are more dense than in 
the type, but of the same peculiar structure. The paratypic female from Talha 
is also of smaller size, but otherwise very similar to the type. 

The male in this genus remains undescribed. 


GRATIDIA DICRANURA, sp.n. (Fig. 5, D.) 

3. Antennae about half as long as front femur. Thorax and abdomen 
with a raised median line becoming less distinct posteriorly. Anal tergite 
roundly inflated, provided with a broadly bifurcate appendage as figured ; 
surface with a low median carinula. Cercus very long, regularly curved, 


Fig. 5.—Apex of male abdomen in Gratidia spp. 


D, G. dicranura, sp. n.; 8, G. schizura, sp. n. 


weakly clavate, in the basal portion somewhat compressed laterally. Sub- 
genital plate inflated ; hind margin broadly rounded, with a small median 
projection. 


Coloration above pale brownish, with faintly visible scattered paler dots ; 
sides with whitish stripe. . 

. Antennae shorter than one-third of the front femur. Anal tergite with a 
distinct median carinula ; posterior margin broadly rounded, notched in the 
middle. Cereus compressed, subacute in profile. Seventh sternite simple. 
Operculum bicarinulate, extended into an acute appendage. 
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Coloration dirty light-brown ; thorax with slightly callous round whitish 
spots. 

Total length $53, 2 68; antenna $13, 95:5; pronotum ¢ 2, 93; meso- 
notum gf 11, 914; metanotum ¢ 9-5, 911; median segment ¢ 1:5, 2 2:5; 
front femur g 22, 9 25; middle femur $16,918 ; hind femur g 18-5,2 19 mm. 

Aden: Desert Kast of Sheikh Othman, iv.—x. 1932, 19 $4, 9 92 (Mrs. M. C. 
Rant). 


GRATIDIA SCHIZURA, sp.n. (Fig. 5,8.) 
1895. Phasma xgyptiacum ? Kirby, Linn. Soc. Journ., Zool. xxv, p. 281 (nec Gray !). 


A single male, somewhat damaged and bleached by alcohol, recorded by Kirby 
under the above incorrect name represents an undoubtedly new species, recog- 
nizable by the very peculiar structure of the last tergite. 

4. (Antennae missing.) Thorax with a thin raised line, which becomes 
obsolete on the first tergite. Anal tergite broad, with prominent lateral 
posterior angles, provided with a bifurcate appendage the base of which is 
constricted (see figure) ; surface with a median carinula. Cercus very long, 
regularly curved, weakly clavate; basally somewhat compressed laterally. 
Subgenital plate large, rounded quadrangular ; posterior margin truncate. 

Coloration (after immersion in alcohol) pale stramineous, with a brownish 
median line and whitish sublateral stripe. 

Total length 4: pronotum 2-5; mesonotum 10:5; metanotum 8; median 
segment 1-5; front femur 20 ; middle femur 16: hind femur 18 mm. 

Hadramaut, 1 ¢ (Mr. Bent’s Expedition). 

This unique specimen has been recorded by Kirby under an incorrect name, 
since Gratidia aegyptiaca (Gray) is a different species (see my re-description 
of it in Bull. Min. Agric. Cairo, No. 41, 1924, p. 7, pl. i, figs. 6, 7). Both this 
species and G. dicranura represent a further specialization of male anal tergite 
as compared with G. aegyptiaca. 
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Some Acrididae from South-Eastern Tibet. 
By B. P. Uvarov, D.Sc., F.L.S., British Museum (Natural History). 


(Puates 18 & 19 and 2 Text-figures) 


[Read 7 April 1938] 


A COLLECTION of insects made in the upland regions of South-Eastern Tibet 
by Messrs. R. J. H. Kaulback and J. Hanbury-Tracy proved, on examination, 
to contain fourteen species. This number may appear very small, but the 
great interest of the collection became evident when it was found that not less 
than six species were new to science, while four more have been only relatively 
recently described from the collections made by Professor Gregory’s expedition 
to Yunnan and by Captain F. Kingdon Ward. 
_ It would be premature to discuss zo0-geographical problems of South-Eastern 
Tibet on such fragmentary evidence, the more so that more material can be 
confidently expected to be brought home by Captain F. Kingdon Ward, who 
is at present in Tibet, and by Mr. J. H. Kaulback, who is now there. It will 
be sufficient to point out only the following facts of general interest :— 

1. The presence in SEK. Tibet of north-Angaran element, with very close 
affinities to the Siberian. Here belongs Aeropus sibiricus tibetanus Uv., a most 
typical insect of Siberian steppes, with ‘insular’ subspecies (glacial relicts) 
in the mountains of Europe. Another member of the same fauna, now recorded 
from Tibet for the first time, is Chorthippus intermedius B.-B., known from 
Yakutia, Amurland, Northern Mongolia, Altai mountains, and southern Kansu 
in China. This type of distribution appears to suggest a direct connection 
of South-Eastern Tibet with Eastern Siberia through the Szechuan highlands. 

2. Rich endemic fauna. The genus Kingdonella, in which two Tibetan species 
were known, proved to be a most characteristic element of this endemic fauna, 
with probably a large number of narrowly localised species, not less than five 
new ones being described below. This is a member of the Holarctic group 
Podismini, and can be regarded as a purely local derivation from Angaran 
ancestors. Another endemic species described below, Omocestus tibetanus, 
exhibits remarkable affinities with the Mediterranean mountain members of 
the genus. Finally, I had an opportunity to discuss * still another type of 
Tibetan endemism in the genus Mekongia, which has its nearest relatives 
in Central America and in tropical Africa. 

I am greatly obliged to Mr. J. Hanbury-Tracy for detailed notes (which are 
given in inverted commas) on habitats of some of the species described below. 
A general account of the expedition, with a map is published elsewhere f. 

* Linn. Soc. Journ., Zool., vol. xx, 1937, p. 279. 
+ The Geograph. Journ., February 1938. 
JOURN. LINN. SOC.—ZOOLOGY, VOL. XL 42 
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OMOCESTUS TIBETANUS, sp.n. (Fig. 1.) 

A small and strongly brachypterous species, remarkable for the structure 
of the male supra-anal plate and subclavate antenne. 

3. Antenne a little longer than head and pronotum together, stout, weakly 
flattened throughout, with the apex distinctly dilatate. 

Head scarcely thicker than pronotum. Face oblique, forming a distinct 
though rounded angle with the vertex. Frontal ridge with sparse but large 
punctures, shallowly sulcate from just above the ocellum downwards. Fasti- 
gium of vertex rectangular at the apex; surface flat; semicircular sulcus 
very weak; margins weakly raised, smooth ; foveolae about three times as 
long as wide, well concave. Vertex immediately behind the semicircular 
sulcus with a short and weak median carinula. Distance between eyes wide, 
distinctly wider than the frontal ridge between antennae. 


weg 


Fig. 1—Omocestus tibetanus, sp. n., ¢. Last tergite, supra-anal plate, and cerci, 
from above ; elytron ; antenna. 


Pronotum short, because of the truncate hind margin; not constricted 
in the middle. Disc very obtusely tectiform. Median carina well distinct 
throughout, very weakly gibbulose in profile in the prozona. Lateral carinae 
slightly convergent towards the first sulcus, very weakly inflexed in prozona, 
gradually divergent backwards, obsolescent in metazona. First and second 
sulcus scarcely perceptible on the disc, not cutting the carinae ; third sulcus 
distinct, weakly curved forwards, cutting the median carina well behind the 
middle. 

Elytra more abbreviated than in any known species, extending a little beyond 
the first tergite ; their greatest width beyond the middle. Costal area reaching 
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only a little beyond the middle of the anterior margin; scapular area wide, 
strongly expanded in the apical part, with regular oblique veinlets ; first and 
second radials weakly curved, distinctly divergent in the apical half; third 
radial irregular; discoidal area broad, with fairly regular, widely spaced, 
veinlets ; first and second ulnars very narrowly separated. Wings rudi- 
mentary, reaching beyond the first tergite. 

Abdomen distinctly recurved apically. Tympanal organ half-open. Last 
tergite with a deep roundish excision, margins of which are somewhat incrassate 
and blackened. Supra-anal plate with apex strongly attenuate into an acute 
appendage, and armed with a pair of well-raised rounded-triangular submedian 
teeth ; surface of the plate is broadly and weakly concave in the basal half, 
and somewhat raised along the middle in the apical half; this raised section 
stands out very sharply, because the margins here are lowered, rugulose, and 
blackened ; these black rugulose marginal surfaces extend to the base com- 
prising the pair of teeth. Cercus stout, conical, almost as long as the supra-anal 
plate. Subgenital plate pilose, strongly recurved, with the apex narrow but 
obtuse. 

All legs, particularly the front and middle femora are distinctly incrassate. 

Coloration dark olivaceous green, with not sharp dark pattern. Lateral 
pronotal lobes somewhat blackened above. Elytra brown. Abdomen with 
a series of black lateral spots, practically confluent. Hind femur internally 
yellowish, with a basal longitudinal streak and a post-median fascia blackish 
brown. Hind tibia brown. 

©. Antennae not reaching the middle of pronotum. Elytra not at all touching 
each other on the dorsum, reaching the apex of the second tergite. Valvae 
of the ovipositor very short, the upper ones almost concealed. Typical pattern 
in buff, light brown, and black more pronounced than in the male type. 

Total length, ¢ 12,216; pronotum, ¢ 2:5, 23-5; elytra, $5, 23-5; hind 
femur, ¢ 7, 29 mm. 

Described from 5 ¢¢ (including the type) and 1 2 taken at Poshé, Themthok 
Gompa, 13-14,500’, 2-8. ix. 1936; (19, Poshd, 12-13,500', 26-31. vi. 1936, 
probably also belongs to this species, but is not regarded as a paratype owing 
to some differences discussed below). 

The structure of the male supra-anal plate in this species is unique amongst 
members of the genus Omocestus, and one may be tempted to give this character 
generic value. However, a tendency to develop premedian paired ridges is 
observed in other species of the genus, and more particularly in the Mediter- 
ranean mountain group comprising species with abbreviated elytra and thick 
antennae. Amongst these species, O. tubetanus is most similar to O. maroccanus 
Chapman, 1937, recently described from the Middle Atlas in Morocco (Ent. 
Mon. Mag. vol. Lxxi, p. 125), but differs from it by much more specialised 
male supra-anal plate, by distinctly subclavate antennae, by more dilated 


scapular area of elytra, by truncate pronotum, and by the organs of flight more 
42* 
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reduced than in any known species. In the female sex the elytra are well 
separated on the dorsum, almost lateral. Another peculiar feature of 
O. tibetanus is the thickness of its front and middle femora and this, coupled 
with the generally more sturdy habitus, makes this species look very distinct 
from its brachypterous congeners of the Mediterranean mountains. 

The female from Posh6, 26-31. vi , is referred to this species with some doubt, 
being somewhat smaller than one of the typical series, end differing in more 
gibbose pronotum, with the lateral keels more incurved. 


CHORTHIPPUS INTERMEDIUS (Bey-Bienko, 1925). 

Poshé, 12,000’, vi. 1936: DiwChu valley, 12-13,000’, vii. 1936; DiChu 
valley, 12,000’, 7. vii. 1936. 

The specimens taken at 12-13,000’ differ from others by somewhat shorter 
elytra, which in the male do not quite reach the apex of abdomen, and by 
darker general coloration. These differences may be due to the greater altitude 
of their habitat, but it would be unwise to separate them until the extent of 
variation within the species is better known. 

The distribution area of this species, so far as it is known at present, extends 
from Yakutia (Miram, Mater. Comm. Etude Republ. Jakoute, 1928, livr. 
xxiv, p. 15) to Amurland (Khabarovsk ; Bey-Bienko, Zool. Anz., vol. LXxx1, 
1929, p. 69), Transbaikalia (Bey-Bienko, l.c.), Altai mountains (original locality), 
Northern Mongolia (Tarbinsky, Ann. & Mag. Nat. Hist., ser. 9, vol. xx, 1927, 
p. 492) and southern Kansu province of China (Sjéstedt, Ark. Zool., vol. xxv A, 
no. 4, 1933, p. 21). The present Tibetan records extend the area very greatly 
in a south-westerly direction. 


CHORTHIPPUS sp. 

A member of the bicolor-group, very similar in the male venation to mollis 
Charp., but specific differences in this group are so uncertain that it would be 
unwise to describe another new species. Represented by a series from several 
localities round Poshé. 


AEROPUS SIBIRICUS TIBETANUS Uvarov, 1935. 

Poshé, 12,000’, vi. 1936 ; 7. vii. 1936; DiChu Valley, 12,000’, 7. vii. 1936. 

Described from specimens collected by Kingdon Ward at Shugden Gompa, 
13-14,000’. The present specimens are generally larger and paler than the 
types, probably because of the lower altitude of their habitat. 


GASTRIMARGUS NUBILUS Uvarov, 1925. 


1925. Gastrimargus nubilus Uvarov, Journ. & Proc. Asiat. Soc. Bengal, xx, p. 325. 
1933. Gastrimargus africanus chinensis Willemse, Naturhist. Maandbl., xx11, p. 15, fig. 1 
(syn. nov.). 


Posh6, 9-12,000’, 12-26. viii. 1936, 1 9 ; Dzogang, 9-12,000’, 13-21. ix. 1936, 
ld, 14. 
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The species was originally described by me from Yunnan at the altitudes 
6,600-7,300’, and paratypes of chinensis described by Willemse from the 
Szetchwan province of China do not differ from the typical series of nubilus. 
The shape of pronotum is such as to exclude a relationship of nubilus to africanus 
which has been suggested by Willemse. On the other hand, nubilus is possibly 
allied to G. minor described by Saussure very briefly from Mongolia and not 
known to me by authentic specimens. Sjdstedt (1928) has given a re-description 
of minor, but unfortunately it was based on specimens from Northern India 
(Simla) which may be at least subspecifically distinct from the Mongolian insect. 

The Tibetan specimens differ by less infumate apical part of male wings, 
which are also shorter and broader, the ratio of length to width being 21 : 12 
in the type of nubilus and 20:12 in the only Tibetan male. Unfortunately, 
no female of the typical nubilus is known, and the Tibetan females are remark- 
able for very sturdy habitus and short elytra, just exceeding posterior knees. 
It is not impossible that nubilus is represented at higher altitudes by a distinct, 
more short-winged, race, but more material is wanted to decide this question. 


Locusta MIGRATORIA (Linné, 1758). 

SE. Tibet: Rong T6 valley, 6,000’, 3. v. 1933, 13 (F. Kingdon Ward & 
R. J. H. Kaulback). 

The subspecies cannot be determined on a single specimen of the solitary 
phase. 


SPHINGONOTUS YUNNANEUS Uvarov, 1925. (PI. 18, fig. Y.) 

Poshé, 12,000’, vi. ; 17. vii. ; 12-16,000’, 18-20. vii. ; 12-13,500’, 26-31. vi. ; 
9,500’, 21. vii.; 9-12,000’, 12-28. viii.; DiiChu valley, 12,000’, 7. vii.; Themthok 
Gompa, 13-14,500, 2-8. ix.; Dzogang, Salween gorge, 8,500’, 12. ix.; Dzogang, 
9-12,000’, 13-31. ix.; Shopaudo, Kham, 12,000’, 14. v. 

A series of about sixty specimens of both sexes represents this species, 
hitherto known only from three females collected by Gregory’s expedition. 
They exhibit some variation in the coloration (general tint and the degree of 
spotting) and in the size, as well as in the development of the wing-fascia. 
The latter is sometimes practically absent, the wings being then faintly 
infumate; in most cases the fascia is more or less distinct, but always with 
blurred outlines. It appears, on the whole, that the tendency to the greater 
development of the fascia is stronger in inidividuals from higher altitudes, ' 
in which the bluish tinge of the wing-base is also more pronounced than in 
the specimens from lower levels which often have wings quite, or almost, 
unbanded and without any trace of bluish colour. These differences are, 
however, too unstable and indefinite to be used as a criterion for dividing 
the species into altitudinal forms. 


SpHINGONOTUS LONGIPENNIS Saussure, 1884. 
SE. Tibet: Zayul, Rong Té valley, 6,000’, 8-10. v. 1933, 19 (F. Kingdon 
Ward & R. J. H. Kaulback). 
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Genus KINGDONELLA. 


This genus has been erected by me to include a species, K. wardt Uv., collected 
by Captain Kingdon Ward in 1931 in the region of the sources of Irrawadi 
River, 28° 25’ N., 97° 55’ E., 10-12,000’. A second species, K. pictipes Uv., 
has been taken by the same collector in 1933 at Shugden Gompa, 14-15,000’. 
The present collection made in the same general region proved that the genus 
is not only extremely typical for it, but also is represented by a large number 
of species, not less than five new ones having been discovered by Messrs. Kaul- 
back and Hanbury-Tracy. As may be expected, they are strongly localised, 
and one can, therefore, confidently expect that further exploration will still 
further enlarge the number of species. 

The five new species described below are undoubtedly congeneric, though 
different trends in the evolution of the genus can be distinguished. Some 
species, e.g. K. kaulbacki and K. gentiana appear to be nearer to the general 
stock of Podismini, while others, like K. saxicola and hanburyi represent a 
strong modification of body-shape peculiar to alpine Acrididae of different 
taxonomic groups. In this respect, such species are remarkably similar, 
for instance, to Pachypodisma lezgina Uv. of the Caucasus or to the curious 
genus Meridacris recently described by Roberts from the Andes of Venezuela, 
though no actual relationship probably exists between all these genera. 


KINGDONELLA GENTIANA, sp.n. (Fig.2G; Pl. 19, fig. G.) 

6. Face moderately oblique in profile, forming a broadly rounded angle 
with the vertex. Frontal ridge narrowed at the fastigium, distinctly sulcate 
throughout. Fastigium of vertex strongly sloping, distinctly concave (the 
concavity being continuous with the sulcus of the frontal ridge), widened 
in front of the middle, with thick callous margins. 

Pronotal disc weakly convex on prozona, almost flat in metazona. Front 
margin somewhat laminate, distinctly bi-convex; hind margin obtusely 
excised. Median carina very faintly visible throughout, more distinct in 
metazona. Lateral carinae thick, callous, practically parallel in prozona, 
strongly interrupted by sulci; less distinct and somewhat convergent between 
the typical sulcus and the middle of metazona where they become obsolete. 
All sulci very distinct ; the typical suleus placed behind the second third of 
the length. Surface of the dise in prozona shiny, with very obtuse callous 
rugosities ; in metazona densely punctured-rugulose, with shiny wrinkles. 

Mesonotum, metanotum, and first tergite with shallow punctures and callous 
transverse wrinkles which are shiny. Tympanum fairly large, membranous. 

Last tergite in the middle with a pair of small transversely-oval projections, 
very narrowly separated from each other. Supra-anal plate longer than its 
basal width, with a pair of obtuse pre-median lateral teeth ; surface weakly 
sulcate along the middle in the basal half and with a median area slightly raised 


in the apical half. Cereus short and stout. Subgenital plate large; apex 
moderately attenuate. © 
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Tarsal arolia shorter than a claw, a little longer than wide, widened towards. 
broadly rounded apex. 

Mainly light olivaceous in colour, shiny. Head above bluish green ; orbits 
and postocular stripes yellowish. Pronotum above brownish at the anterior 
edge and in metazona, light olivaceous elsewhere ; lateral carinae and margins 
of transverse sulci pale yellowish ; lateral lobes in prozona bluish green, in 
metazona brownish, with a large yellowish area in lower posterior quarter. 
Abdomen above brownish olivaceous, becoming darker laterally. Front and 
middle femora pale bluish olivaceous. Hind femur light greenish yellow, 
with faint bluish transverse bands above ; externo-median area of similar colour 
and pattern ; outer lower sulcus black; inner lower sulcus black, with the 
base brilliant red; interno-median area bluish black along the lower half, 
becoming light yellowish above, with two dark fasciae. Hind tibia of beautiful 
blue-black (deep gentian) colour, with yellowish apex, and yellowish postbasal 
spots not forming a definite ring ; spines with yellowish bases. All tarsi light. 
orange-yellow. 

2. Less rugulose and not so shiny as the male. Lower valvae of ovipositor 
moderately slender, curved, with strong rectangular basal projections, but the 
transverse ridge practically absent. 

Total length, ¢ 22, 9 26; pronotum, 34,95; hind femur, ¢ 12, 2 13 mm. 

Described from 5 3¢ (including the type) and 3 99 taken at Posho, 12,000’, 
vi. 1936; 1 gd and 2 99 at DiiChu Valley, Poshé, 12,000’, 7. vii. 1936. 

The specimens from the DiiChu valley are slightly larger and darker, with 
brighter red tarsi, but morphologically scarcely distinct from others. 

‘Poshé, 12,000’, vi., refers to district round Lho Dzong (about 40 m. NW. 
of Bungyu). Conditions: open pasture country, almost treeless ; some 
cultivation ; rainfall slight. 

‘DiiChu Valley, Posh, 7. vii., is a different locality. DiuChu is the river marked 
with an almost semicircular course on the map, between Lho Dzong and Bungyu. 
Conditions: arid and stony ground; scrub; a few trees; no forest; some 
cultivation ; hot and dry’. | 


KINGDONELLA HANBURYI, sp.n. (Fig. 2H; Pl. 19, fig. H.) 

A small species, with depressed body, the surface of which is velvety and 
provided with some callous rugosities. 

3. Face practically vertical in profile, forming an obtuse rounded angle with 
the vertex. Frontal ridge somewhat expanded between antennae, distinctly 
sulcate throughout. Fastigium of vertex sloping, narrowed anteriorly, weakly 
concave ; margins low, but thick, callous. 

Pronotum with the disc flat. Front margin laminate, distinctly bi-convex ; 
hind margin broadly obtusely excised. Median carina indicated only by a 
lighter line, slightly raised in metazona. Lateral carinae thick, callous, deeply 
interrupted by the sulci; parallel in front of the first sulcus; more widely 
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distant behind it and very slightly divergent backwards, almost reaching the 
hind margin. First sulcus shallow, but distinct ; second one obsolete on the 
disc, but intersecting the lateral carinae ; third one distinct, placed in front 
of the last third of the length. Surface of the disc with a few very shallow 
punctures at the edges of metazona only. Lateral lobe smooth and shiny..- 
with very few scattered punctures in prozona, and very finely rugulose in 
metazona. 

Mesonotum, metanotum, and tergites smooth. Tympanum minute, not 
membranous. 

Last tergite in the middle with a pair of acute triangular appendages, which 
are longer than at the base broad, almost contiguous at the base but diverging 
apically. Supra-anal plate longer than broad, with a pair of pre-median 
lateral projections and a pair of chitinous rugosities near the apex. Cercus 
a little shorter than supra-anal plate, relatively slender, weakly incurved. 
Subgenital plate large, moderately attenuate on the apex. 

Tarsal arolia large, a little shorter than a claw, almost as broad as long, with 
the apex broadly rounded. 

Coloration dark olivaceous-green, velvety. Head of that colour, with two 
divergent darker stripes and light greenish-yellow orbits ; postocular stripes 
greenish-yellow, faintly marked with orange behind. Pronotal disc of general 
colour, with the lateral carinae greenish yellow in prozona ; lateral lobe shiny, 
dark olivaceous-green above and greenish yellow below. Abdomen blackish 
green, with the posterior edges of tergites narrowly marked with purplish brown. 
All femora olivaceous-green. Hind femur light olivaceous-green above, with 
indefinite fasciae of darker shade ; externo-median area light yellowish, with 
irregular greenish-olivaceous fasciae ; lower outer sulcus black ; lower inner 
sulcus black, with red base ; interno-median area black with a light preapical 
ring. Hind tibia bluish black, with the apex reddish ; spines yellow basally. 
All tarsi light reddish yellow. 

2. Lower valvae of the ovipositor relatively stout, curved, armed with strong 
teeth and a sharp serrate transverse ridge. 

Total length, $17, 228; pronotum, $4 95-5; hind femur, $10, 913 mm. 

Described from 333 (including the type) and 1299 taken at Dzogang, 
15,000’, 10. ix. 1936; 1 3 from Poshé, Themthok Gompa, 13-14,500’, 2-8. ix. 
1936. 

Coloration in this species is somewhat variable, and some specimens are 
brown, or blackish, but always have a velvety appearance. The male from 
Themthok Gompa has purplish-black hind tibiae, but does not differ morpho- 
logically from others. 

‘ Dzogang, 10. ix. On this day we crossed a pass from the valley of the 
Dayul Chu (see Tento Gompa on map) to the Salween valley. We camped 


high up on the side of the Salween valley. All the specimens were collected 
near the crest of the divide on each side.’ 
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KINGDONELLA SAXICOLA, sp.n. (Fig.28; Pl. 19, fig. 8.) 

A small species with depressed body, the surface of which is weakly callously 
rugulose. 

3g. Face weakly oblique in profile, forming a broadly rounded angle with the 
vertex. Frontal ridge weakly and gradually narrowed to the fastigium, 
sulcate throughout. Fastigium of vertex very strongly sloping, subpentagonal ; 
surface weakly concave ; margins thick. 

Pronotum with the disc flat in prozona, very slightly tectiform in metazona. 
Front margin very slightly sinuate in the middle ; hind margin obtusely excised. 
Median carina distinct at the anterior edge, obsolescent midway between the 
edge and the first sulcus ; indicated by a faint depressed line between the sulci ; 
somewhat raised and finely sulcate in metazona. Lateral carinae thick, 
callous, irregular, distinctly divergent backwards, deeply cut by sulci. All 
sulci deep and very distinct ; third sulcus placed before the end of the second 
third of the length. Surface of the disc with callous rugosities in prozona ; 
obtusely rugulose and punctured in metazona. Lateral lobe shiny, finely 
punctured in metazona. 

Mesonotum, metanotum, and tergites without definite sculpturing. Tym- 
panum small, and the membrane appears chitinized. 

Last tergite in the middle with a pair of tongue-shaped appendices, which 
are a little longer than at the base broad, and their apices are separated by 
a distance greater than their length. Supra-anal plate a little longer than broad, 
without any specialised structures ; the surface slightly raised along the middle, 
with a very shallow and broad basal sulcus. Cercus shorter than the plate, 
somewhat incurved and narrowed apically. Subgenital plate large, but 
relatively short, with short attenuate apex. 

Coloration mostly pale buff, mottled with olive-green, grey, and blackish. 
Head above very light greenish olive, with two indefinite brown fasciae and 
light buff orbits. Pronotum above buff, with some brownish and greenish- 
grey markings ; lateral lobe greyish olive above and yellowish below. Meso- 
notum, metanotum, and first tergite with some rather large blackish spots 
and many small ones ; remaining tergites reddish buff, with large shiny black 
spots on the sides; appendages of the last tergite black. Front and middle 
femora buff, with bluish-olive spots. Hind femur light buff, above with distinct 
blackish fasciae, extending also on to the externo-median and the upper half 
of the interno-median area; lower half of the latter area black; outer and inner 
lower sulcus black; inner knee-lobe edged with pinkish buff. Hind tibia 
blackish grey, but becoming buff in the apical half between the spines ; a light 
post-basal ring very distinct ; spines yellowish, with dark apices. All tarsi 
reddish buff. 

2. Lower valvae of the ovipositor long and relatively very slender, with 
moderate basal teeth, and a distinct serrate transverse ridge. 

Total length, $19,923; pronotum, $ 3:8, 94:5 ; hind femur, 39, 2 11-5 mm. 

Described from 1 3 and 2 99 taken at Poshé, 12-13,500’, 26-31. vi. 1936. 
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‘Poshé, 26-31. vi., is east of DitChu, a mile or two from Tapsing. Conditions : 
light woods, meadows, barley fields ; very red earth, sandstone ; less arid. 
than DiiChu valley.’ 


KINGDONELLA PICTIPES Uvarov, 1935. (Fig. 2 P; Pl. 18, fig. P.) 

Zayul, 12-13,000’, 1-10. x. 1935, 13; Poshd, 12-16,000’, 18-20, vii. 1936, 
3 $3, 8 2°, numerous larvae. 

‘Posh, 18-20. vii., is about 35 miles north of Shugden Gompa, over the 
Salween divide. On 18. vii. I collected at Trashi Tse (12,370’), where Kingdon 
Ward also collected. Conditions: stony ground, light thorn scrub; hot 
and dry.’ 

‘Zayul, 1-10. x., is nearer Saugachédzong than Shugden Gompa. It refers 
to a locality almost due east of Saugachédzong on the western slope of the 
divide between the Zayul and Salween rivers. Conditions : moderately thick 
pine forest, interspersed with pasture grounds; much more wooded than 
Shugden Gompa district ; rainfall heavy.’ 

This species has been described by me from the material collected by Captain 
Kingdon Ward, and its re-discovery in the same neighbourhood is of interest 
confirming the view that species of Kingdonella are very localised. 

There is some variation in the general colour of specimens, some being almost 
black, others olivaceous-green, but the coloration of hind legs as well as morpho- 
logical characters are quite stable. 


KINGDONELLA KAULBACKI, sp.n. (Fig. 2K; Pl. 18, fig. K.) 

A relatively large species, with subcylindrical body, the surface of which is 
only minutely rugose. 

3. Face rather strongly oblique in profile, forming a distinct rounded angle 
with the vertex. Frontal ridge practically parallel-sided, weakly concave 
at the ocellum. Fastigium of vertex strongly sloping, weakly concave, some- 
what widened anteriorly, imperfectly marginated. 

Pronotum with the disc very weakly convex, almost flat. Front margin 
somewhat laminate, broadly bi-convex ; hind margin very broadly obtusely 
excised. Median carina very slightly indicated in the metazona. Lateral 
carinae irregular, callous, gradually divergent towards the typical sulcus, 
obsolescent in metazona. All sulci distinct ; the typical sulcus deep but 
fine, placed at two-thirds of the length. Surface of the dise in the prozona 
dull with scarcely perceptible rugosities ; in the metazona weakly punctured- 
rugulose. Lateral lobe smooth, with scattered shallow punctures in prozona ; 
more densely punctured in metazona. 

Mesonotum, metanotum, and first tergite practically smooth, though dull, 
with obsolete puncturation in the middle; and more distinctly, if shallowly, 
punctured on the sides. Tympanum fairly large, membranous. 

Last tergite in the middle with a pair of closely approximated acute processes, 
which are distinctly inflated basally ; the length of a process is greater than 
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their distance from each other. Supra-anal plate much longer than its basal 
width ; lateral margins subincrassate in less than the basal half; at the end 
of the incrassate part the margin turns inward forming a short transverse 
ridge; ridges of two opposite margins are connected by a fine transverse 
sulcus ; surface of the plate weakly concave (more so in the basal half), with 
a shallow basal median sulcus, and with a pair of low subapical ridges. Cercus 
practically as long as supra-anal plate, stout at the base, then tapering and 
weakly sinuate. Subgenital plate large, pyriform, with attenuate apex. 

Tarsal arolia longer than a claw, distinctly longer than wide, widened towards 
the apex which is rounded. 

Coloration mainly dull brown. Head above dark velvety blackish green, 
with yellowish inner orbits and narrow pale orange postocular lines. Pronotum 
above dark slate-grey, with greenish shade ; lateral carinae of lighter shade ; 
lateral lobes shiny greenish black, with a large yellowish spot occupying lower 
posterior quarter. Abdomen above brown, becoming black laterally and 
rusty-yellow on the under side. Femora of all legs greenish olivaceous, with 
the knee-lobes narrowly marginated with reddish yellow. Hind femur with 
scarcely perceptible dark fasciae above ; externo-median area greenish 
olivaceous, with some pale yellowish oblique streaks in the lower portion ; 
outer lower sulcus not darker, greenish olivaceous ; inner lower sulcus shiny 
black ; interno-median area black with slight olivaceous tinge. Hind tibia 
bluish black, with reddish apex, and scarcely perceptible irregular pale postbasal 
ring ; spines with yellow bases. All tarsi light reddish yellow. 

Q. Lower valvae of the ovipositor rather long, with distinct basal lateral 
projections, connected by an irregularly serrate transverse ridge. 

Total length, ¢ 22, 9 35; pronotum, go 4:5, 9 6; hind femur, ¢ ll, 
2 13-5 mm. 

Described from 5 gg and 6 99 taken at Dzogang, 9-12,000, 13-21. ix. 19386. 

‘Between these dates we travelled up the right bank of the Salween from 
near Yata to Lajung and down the left bank to a point south of Yata (for Yata 
follow route marked running east to Shugden Gompa). Conditions : extremely 
arid and hot ; thin grass and scrub ; stony ground ; some cultivation ; scant 
woods on higher slopes.’ 


KINGDONELLA MoDESTA, sp.n. (Fig. 2M; Pl. 18, fig. M.) 

A species of medium size, with moderately depressed body and smooth, 
but dull, surface. 

3. Face distinctly oblique in profile, forming a rounded angle with the vertex. 
Frontal ridge weakly narrowed above, shallowly sulcate throughout. Fas- 
tigium of vertex very strongly sloping, scarcely concave, not marginated. 

Pronotal disc weakly but regularly convex. Front margin not laminate, 
broadly convex ; hind margin with broad rounded excision. Median carina 
distinct but irregular in front of the first sulcus, practically obsolete between 
the sulci, fine and acute in metazona. Lateral carinae practically obsolete, 
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irregular, distinctly diverging backwards. The two first sulci very shallow ; 
third sulcus deeper, placed distinctly behind the second third of the length. 
Surface of the disc with quite obsolete puncturation, dull. Lateral lobe 
moderately shiny in the anterior upper half, with a few shallow punctures ; 
dull elsewhere with obsolete punctures. 

Mesonotum, metanotum, and tergites dull, with obsolete punctures. Tym- 
panum small, submembranous. 

Last tergite with a broad and shallow obtuse angular emargination in the 
middle. Supra-anal plate triangular, a little longer than broad, distinctly 
divided by a broadly bowed transverse ridge; surface more or less even, 


VO 


Fia. 2.—End of male abdomen viewed from above in the known species of Kingdonella.— 
K, kaulbacki ; H, hanburyi; 8, sawicola; G, gentiana ; W, wardi; M, modesta ; 
P, pictipes. 
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without any armature or sulci. Cercus short, stout. Subgenital plate 
relatively small, apex not attenuate. 

Tarsal arolia shorter than a claw, narrow, widened to the apex which is 
truncate. 

Coloration mainly dull blackish brown. Head above very pale orange-buff. 
marbled with grey. Pronotal disc in prozona very pale dirty pligiocon 
densely covered with blackish-brown round dots; metazona almost hells 
blackish brown ; lateral lobe shiny blackish in the anterior upper portion 
dirty olivaceous with blackish dots elsewhere. Abdomen uniformly Blacwian 
brown. All femora brown, mottled with blackish brown. Hind femur with 
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distinct blackish fasciae above, continuing also on to the externo-median and 
interno-median areas which are light brown ; lower outer sulcus black ; lower 
inner sulcus dirty yellowish, with a faint dark preapical fascia. Hind tibia 
dirty dark grey ; apex and a postbasal ring dirty yellowish. All tarsi dirty 
yellowish. 
_ 9. Lower valvae of ovipositor fairly slender, curved, with acute basal teeth, 
but the transverse ridge obsolete. General coloration reddish brown; hind 
tibia purplish. 

Total length, ¢ 20, 929; pronotum, $4, 95-5; hind femur, $11, 214mm. 

Described from 1 3, 1 9, taken in DiitChu Valley, Poshé, 12,000’, 7. vii. 1936 
(and 22 larvae of different ages, all from the same locality). 

For further details of the locality see under K. gentiana. 


Key to the species of Kingdonella. 


1 (2). Hind tibia red above, somewhat blackened below; both inner 
and outer lower sulcus of hind femurred. ¢: Last tergite with 
a pair of small broad projections ; supra-anal plate with a pair 
of pre-median teeth ; cercus moderately long, tapering, incurved. 
(UDR, DANN) on 6605 voto G6 UneODDoaooc dome GAD ooUed cco OnaDedcr wardi. 
2 (1). Hind tibia not red, usually more or less black, bluish black, or 
testaceous. 
3 (4). Lower inner sulcus of hind femur mostly bright red, becoming 
blackened only in the apical third; lower outer sulcus black. 
gd: Last tergite with a notch in the middle; supra-anal plate 
with a pair of acute premedian teeth; cercus stout, short. 
(ites, D123) cadcacngoncdonnoo gcse gin coo so udm s someduoG ddan pictipes. 
4 (3). Lower inner sulcus of hind femur red only at the base, or without 
any red. 
5 (8). Lower inner sulcus of hind femur black, with the base red ; lower 
outer sulcus black. 
6 (7). Larger, body more rounded. 3: Last tergite with a pair of broad 
rounded projections; supra-anal plate with a pair of small 
premedian teeth ; cercus Slnayamuoieiin (Uses PAE) yc biGou oad gentiana. 
7 (6). Smaller, body depressed. g: Last tergite with a pair of fairly 
long triangular appendages ; supra-anal plate with a pair of small 
premedian teeth and a pair of subapical rugosities; cercus 
long, slender, incurved. (Unies, SEI) s Aco guadenonapacenaoaue hanburyt. 
8 (5). Lower inner sulcus of hind femur black or testaceous, without 
any red. 
9 (12). Lower inner sulcus of hind femur black. 
10 (11). Larger, with the body rounded. Lower outer sulcus of hind femur 
greenish olivaceous, not much darker than the interno-median 
area. ¢: Last tergite with a pair of long acute appendages ; 
supra-anal plate with a continuous transverse ridge, forming 
rounded folds laterally; cercus long, slender, incurved. 
Ga NSIS.) nan es SOR Cree RR aOR aoe ek UEC ac i ie a kaulbacki. 
11 (10). Smaller, with the body depressed. Lower outer sulcus of hind 
femur black. ¢: Last tergite with a pair of short blunt appen- 
dages ; supra-anal plate without any armature ; cercus mode- 
rately long, tapering. (Fig. 28.) ....--+ssee eee sere erences saxicola. 
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12 (9). Lower inner sulcus of hind femur dirty yellowish, blackened near 
the apex; lower outer sulcus black. ¢: Last tergite with 
a broad and shallow median excision ; supra-anal plate with a 
complete fine transverse ridge, but without any teeth ; cercus 


short, excurved. 


QU ePID  ooe coodcqdnod como gDS c0.9800 0c modesta. 


Note.—There is little doubt that further collecting in Eastern Tibet will 
bring to light many more species of the genus Kingdonella, and it would be 
premature to attempt a natural classification of the seven species already 
known. The above key, therefore, is a purely preliminary one, and based 
on more obvious, if less important, characters. 
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PLATE 18. 


. Sphingonotus yunnaneus Uv., 3. 


Kingdonella pictipes Uv., 3. 


. Kingdonella modesta, sp. n., 3. 
. Kingdonella kaulbacki, sp. n., 3. 


PLATE 19. 


. Kingdonella hanburyi, sp. n., 3. 
. Kingdonella saxicola, sp. n., 3. 
. Kingdonella gentiana, sp. n., 3. 
. Kingdonella wardi, Uv., 3. 
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INTRODUCTION. 


(1) Nature and scope of problem. 

The bean gall of willows, caused by the sawfly Pontania proxima Lep., is 
so common on many species of willows that it has attracted attention from the 
earliest times. The early investigators were more concerned with the insects 
inhabiting the gall than with the gall itself, and there are interesting records 
of the sawfly and its parasites in seventeenth and eighteenth century literature 
(Redi, 1668; Leuwenhoeck, 1700; Frisch, 1721; de Réaumur, 1737 ; 
Swammerdam, 1738 ; Linnaeus, 1761). More recent work tends to concentrate 
on the formation of the gall and the nature of the impulse which causes it to 
grow. Frisch (1721) gives the first general account of the life-history of the 
sawfly, and, apart from the correction of a few obvious errors, little has been 
added since. 

The gall is of little economic importance on basket willows. Occasionally, 
in a season when it is exceptionally abundant, the weight of the galled leaves 
is sufficient to bend down the rods and render harvesting difficult. It is 
possible that a bad attack impairs the vitality of the plants, and causes a poor 
crop the following year. 

In the present paper, an attempt is made to confirm and amplify our knowledge 
of the species, particularly as regards its biology. The life-history is described 
in more detail, and a few notes have been made on the question of biological 
races within the species, but, unfortunately, in the time available it has not been 
possible to complete the experiments bearing on this point. Lastly, the 
parasites which were reared are described, and various other insects occurring 
in the galls are mentioned. 


(2) Brief life-history of Pontania proxima. 


The life-history of Pontania proxima is described in several standard books 
on sawflies and galls (Cameron, 1885; Connold, 1909; Swanton, 1912). The 
female sawfly emerges from the winter cocoon in May and June. Themaleis very 
rare, but has been described by Cameron (1885) and Enslin (1915). Of the many 
thousands of adult sawflies examined during this investigation only one 
individual was a male. All the sawflies were bred from unfertilized ova, and 
parthenogenesis is evidently normal in nature. 

Cameron (1885) states: ‘The eggs are deposited in May in the leaf-buds, 
and the galls grow with the leaves. The autumnal broods of course lay the 
eggs in more mature leaves.’ This last statement is not accurate, for the 
willows go on growing throughout the summer, and the summer brood sawflies 
lay their eggs in the young leaves of the apical buds. He goes on: ‘After 
escaping from the egg the larva is transparent white, with the exception of the 
head which is very shining and brownish-black. In a short time it assumes 
a greenish hue on account of the food canal getting filled with food. When 
full-fed it varies from a quarter to three-eighths of an inch in length. The 
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head is shining brownish-black, with a dark greenish-white semi-circle on the 
face, the mouth light brown, mandibles darker; the body is dull whitish- 
green throughout, the legs white with brown claws. 

‘The pupa is white. 

‘At first the gall is perfectly solid except in the centre where there is a small 
free space surrounding the egg, but through the eating of the larva it becomes 
in course of time converted into a bladder. On the lower side at one end the 
larva eats out a round hole, from which it casts out the frass, and occasionally 
it leaves the gall entirely for a short time. The cocoons are spun, as a rule 
in the earth, but when the larvae have been on a willow with rough, broken, 
bark, they are spun in the crevices of the bark, under which the old and new 
ones may sometimes be found packed together in large quantities.’ 

The work was commenced in the spring of 1934. In the first season the bean 
gall was very common in all the localities visited. Large quantities were 
gathered on a bed of basket willows containing mostly the varieties Black 
Maul and Black Spaniard (Salix triandra L.) at Castle Cary in Somerset. On 
this bed the first brood was quite prolific, and hardly a rod escaped being 
heavily galled in the second brood. In the season 1935 galls were collected 
from the same bed, but there was a considerable drop in sawfly population, 
probably owing to the late May frosts followed by dull, wet weather and winds 
in June. Though there was a fair number of first brood galls, very few of them 
(approximately 1 per cent.) contained healthy sawfly larvae. In a count of 
a sample of 100 galls, 41 were found to have been attacked by some insect, 
possibly an earwig, which had eaten large pieces from the galls and killed 
their occupants ; 45 contained the weevil Balanobius salicivorus Payk., which 
is believed to be an inquiline, although almost always it seems to kill the host, 
perhaps indirectly ; 5 contained sawfly larvae infected with the endoparasitic 
Ichneumonid, Angitia vestigialis Ratz.; 8 contained sawfly larvae on which 
various ectoparasites were feeding ; 1 contained a healthy sawfly larva. 

The second brood in 1935 was very small, as might be expected when the 
first brood was so reduced in numbers. Other Somerset willow-beds were 
examined for galls, but they were scarce everywhere. A bed near Langport, 
Somerset, yielded a fair number, with the advantage that nearly all contained 
healthy sawfly larvae. 

Collecting galls from Salix fragilis L. was a more difficult matter, since this 
willow is not cultivated in beds, but either occurs wild or is planted in hedge- 
rows and along streams of low-lying land. In 1934 a fair number was scattered 
on the Severn Flats, near Thornbury, Gloucestershire. In 1935 there were 
very few galls in this locality, but a small number was collected on Nailsea 


Moor, North Somerset. 


(3) Distribution. 
P. proxima is constantly mentioned in literature as a very common sawfly, 
the galls having been observed wherever suitable willows occur in almost every 
JOURN, LINN, S0C,— ZOOLOGY, VOL, XL 43 
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country in Europe. The following list is believed to be fairly complete for the 
British Isles, though the absence from it of a district probably implies not that 
the gall is absent but that its presence has not been recorded. The distribution 
list for the continent is probably incomplete, since, owing to confusion in the 
synonymy of the species, it is impossible to depend on the accuracy of records. 
Apart from two records for western Asia, P. proxima appears to be restricted 
to Europe. 


BritisH ISuEs. 

England. 

Bedfordshire, Buckinghamshire, Cambridgeshire, Cheshire, Cornwall, Cumber- 
land, Dorset, Derbyshire, Devonshire, Durham, Essex, Gloucestershire, Hamp- 
shire, Hertfordshire, Huntingdonshire, Kent, Lancashire, Lincolnshire, Middlesex, 
Norfolk, Oxfordshire, Somerset, Suffolk, Surrey, Warwickshire, Yorkshire. 

Scotland. 

Caithness, Inverness, Perthshire, Roxburghshire, Sutherlandshire. 


Wales. 

Cardigan, Glamorgan, Denbighshire. 
Ireland. 

Dublin, Wicklow. 


Europe (apart from the British Isles). 
Croatia, Denmark, France, Germany, Austria, Italy, Norway, Russia, 
Sweden, Switzerland, Tyrol. 


ASIA. 
Siberia, Waigatsch Island. 


METHODS. 
(1) Collecting material. 


Material was obtained in large quantities by picking the galled leaves at a time 
when the majority of the sawfly larvae were in the fourth and fifth instar, 
usually during July and September. This time varied by one or two weeks in 
different localities and by more in different seasons, and was therefore estimated 
by dissecting samples of galls at frequent intervals. If the galled leaves were 
gathered too early, immediate wilting caused the galls to become soft and 
unsuitable for the successful development of the larvae. On the other hand, 
the galls were empty if gathered too late. 

Wooden-sided trays, one yard square, were made with one-inch mesh wire 
netting, lined with butter muslin or other cheap material and filled with finely 
sifted moist soil to a depth of about one inch. The galled leaves were spread 
out in thin layers in these trays, covered with moistened ‘ wood-wool’, and 
protected by a roof of ‘ Rubberoid’. The trays were placed on recently dug 
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and finely broken soil in an outdoor insectary, with roof and walls of perforated 
zinc. This procedure was necessary in order that the leaves might be kept 
fresh for as long as possible. 

After a few days the sawfly larvae left the galls and spun cocoons in the soil, 
from which they were readily separated by washing the soil through a fine 
sieve. Under these conditions a number of larvae spun their cocoons, and many 
of the parasites pupated, inside the galls or between the leaves, and could be 
collected only by dissection before extensive decay had occurred. 


(2) Rearing sawflies under field and laboratory conditions. 

It was necessary to over-winter the cocoons in order to complete the study 
of the life-history of the sawfly and its parasites. 

The cocoons were mixed with fine soil in flower-pots about six inches in 
diameter, which were sunk into the ground in the insectary. The pots were 
covered with muslin, tied down firmly, to prevent the entry of predaceous 
enemies, such as Carabidae and spiders, but were not protected from the weather 
except when threatened by excess water during the winter, when they were 
covered with a sheet of ‘ Rubberoid ’. 

Galls and larvae of known age were obtained during the summer by enclosing 
the tip of an actively growing willow rod in a cage suspended from two bamboo 
sticks (Pl. 20, fig. 1) and introducing a single female sawfly for a period of 
twenty-four hours. It was most important that the tender willow buds had 
room to grow and were not touched by the muslin bag covering the framework 
of the cage. The two bamboos had therefore to be several inches longer than 
the willow rod would be at the end of the time required for the growth of the 
larvae, approximately one month. The best way of attaching the cage to the 
bamboos was by an elastic band, while the cage itself was made by soldering 
four cycle spokes to two rings of galvanized iron (Pl. 20, fig. 2), and covering 
it by an oblong bag of muslin, which could be closed by drawing up tapes 
round its mouth. Suitable willow rods with many young buds were easily 
obtained by nipping out the terminal bud some days beforehand, and so 
encouraging the growth of laterals. Under these conditions ten to thirty 
eggs would be laid, provided that the weather was not too wet or stormy. 


(3) Breeding the parasites. 

Several of the parasites were common and easily bred. The ectoparasites 
were collected while samples of galls were being dissected during the summer. 
Galls found to contain parasitized larvae were placed in glass tubes and tightly 
d to prevent them from wilting. The gall tissue kept healthy, and the 
parasites appeared to develop normally, when about half a dozen galls were 
placed in a tube 23 xin. By putting a number together, they pressed lightly 
on each other and so prevented the galls from gaping open and drying out 


quickly. The galls were transferred to clean tubes after about twenty-four 
| 43* 
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hours, as there was a risk of the parasites being drowned by the condensation 
of moisture inside the tubes. The parasites received enough air, since it was 
necessary to open the tubes to examine them every day or two. After about 
a week, various moulds growing on the galls made this method of rearing no 
longer suitable, but nearly always the parasites were fully fed by this time and 
could be removed from their hosts as prepupae. The parasite prepupae and 
pupae were then placed in clean glass tubes, containing a little moist cotton- 
wool, and tightly corked. In this way the adults could be observed immediately 
they emerged. 

The endoparasites were considerably more difficult to observe. Only one 
species, the Ichneumonid Angitia vestigialis Ratz., was traced successfully 
through every stage of its development. Specimens of the eggs and young 
larvae were obtained by introducing mated pairs of adult A. vestigialis into the 
cages described above some days after the sawfly had laid her eggs. The young 
sawfly larvae were subsequently dissected in normal saline, and the parasites 
floated out with the body contents. 

Later stages were obtained by opening the cocoons of the sawfly and dis- 
secting those which contained prepupae. A. vestigialis larvae were frequently 
present in a number of them. It was possible to recognize infested specimens 
a short while before the parasite left the remains of the dead host by the greenish 
coloured gut shining through the yellowish dorsal body-wall of the host. Before 
pupating, A. vestigialis spins a silky white cocoon which fits the brown host 
cocoon exactly and appears as a lining to it. In this stage it is therefore 
easy to sort out parasitized cocoons from healthy ones, as the smallest cut with 
fine dissecting scissors shows whether the white lining is present or no. 

Little success was met with in attempting to trace the early stages of the 
Braconid endoparasites. The adults were not common, and attempts to infest 
young galls were not successful. No larval stages were found, although 
hundreds of sawfly larvae were examined. 


THE GALL. 
(1) General description. 


The morphology and histology of the gall have been described in great detail 
by Magnus (1914). For the purposes of this paper it is sufficient to say that 
on 8. triandra the mature gall (Pl. 20, fig. 3) is ovalin shape, about 7 mm. long, 
5 mm. wide, and 5 mm. thick. It protrudes equally from both surfaces of the 
leaf. The cuticle is glabrous, dark red above and pale yellowish-green beneath. 
On S. fragilis the mature gall (Pl. 20, fig. 4) has the average dimensions 7 x 4X 
5mm. The cuticle is raised into many uneven little ridges and protuberances. 
The gall is bright rose-pink above and below, though the lower surface is 
seldom as bright as the upper, and sometimes remains yellowish-green. These 


description refer to normal galls only. Various types of abnormalities are 
described elsewhere (p. 596). . 
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(2) Magnus’ experiments. 

Most of the work done on Pontania proxima in recent years has been on the 
growth of the gall and the nature of the impulse which causes it to grow. 
Magnus (1914) gave an account of his experiments on the gall growing on 
Salix amygdalina L., a species closely related to S. triandra, and described 
in detail the oviposition and histological development of the gall from its 
commencement to maturity. He proved conclusively that neither the presence 
of the egg nor its contents are necessary for gall-formation. He attempted 
to produce galls artificially by inoculating very young willow leaves with a 
glandular secretion from the abdomen of the sawfly, but the technical difficulties 
were too great. The young leaf is very thin, and any but the finest imstru- 
ment in steel or glass goes straight through it, wounding both surfaces. Magnus 
therefore tried using young root tissue, which was easier to manipulate than 
young leaves. Although only negative results were obtained, he concluded 
that the secretion is probably not the cause of gall-formation. He was able 
to obtain the red pigment, anthocyanin, which forms the characteristic halo 
round the young gall, by slight mechnical injury of young willow leaves. The 
injured leaves generally died, but if they lived the anthocyanin appeared. 
He believed that the gall tissue is in the nature of a callus produced by the 
plant to protect the injured cells, and that its growth is great because of the 
extremely active nature of the mesophyll of the young leaf. He also suggested 
that the glandular secretion from the sawfly, which passes into the leaf with the 
egg, has no other function than to seal the mouth of the wound and perhaps 
to act as an albuminous food to the cells immediately surrounding it. He then 
formulated the theory that the gall is the normal reaction to the wounding 
of very young tissue, aided by the feeding of the cells with the glandular secre- 
tion of the sawfly. 

It would appear that an entirely satisfactory explanation will not be 
obtained until the functions of the glandular product of the abdomen of the 
sawfly are elucidated. Negative results, in which root instead of leaf tissue 
has been used experimentally, cannot readily be accepted in support of the 
theory. 


(3) Experiments in the production of artifiical galls. 

It was found that if a fine instrument was used in attempts at inoculating 
the young leaves, it was possible to produce a slight scratch on the lower 
surface of the leaf without wounding the upper epidermis, but it was impossible 
to introduce any of the glandular fluid inside the mesophyll layers. The 
ovipositor of the sawfly is admirably adapted to its functions. After the initial 
cut, produced by sawing through the lower epidermis, it is sufficiently flexible 
to twist through 90° on its own axis and enter the mesophyll sideways, with the 
blade parallel to the epidermis. In this way it is impossible for either epidermis 
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to be damaged except at the place of entry of the saw. The movement is So 
precise and delicate that sections of the leaf show that the ovipositor passes 
exactly through the middle of the mesophyll and destroys only one row of cells. 

From this it is apparent that a rigid instrument can never be used successfully 
for inoculation. Attempts were therefore made to use the ovipositor itself 
as a needle. The abdomen of a sawfly was pressed until the ovipositor was 
fully extended. It was then dissected off, washed thoroughly, and fastened 
to a stiff bristle with glue. With this instrument attempts were made to cut 


TABLE I. 


0 oO 


Length of galls in mms. 


0 5 10 I5 
Time in days ae 
Average prowth curve of ten normal Ralls on Salix triandra L. 


the willow leaf in the manner of the living sawfly. The blade of the ovipositor, | 
without the protection of the stiff sheath, was too weak and flexible to pierce 
the epidermis, so a slight cut was first made with a glass needle. The mounted 
ovipositor was then used for the second part of the movement in an endeavour 
to separate the upper and lower epidermis slightly without damage. This was 
done fairly successfully, but it was found impossible to introduce the glandular 
fluid without damaging much leaf tissue. In every case the damaged cells 
died and the full-grown leaf had a large torn area surrounded by dead tissue. 
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(4) Rate of growth of the gall. 


Magnus (1914) proved that the rate of growth of the gall depends directly 
on the rate of growth of the leaf, and is not proportional to the amount of 
glandular fluid injected. Galls of different sizes on the same leaf are therefore 
produced by oviposition at different times. 

The largest galls form where eggs are laid in the very young leaf, and the 
smallest galls are the result of oviposition in the almost full-grown leaf. 

It was found that in both S. triandra and S. fragilis, and in both broods, the 
gall reaches its maximum size in about fourteen days, this figure being remarkably 
constant. The graph (Table I) shows the growth-curve of ten average 
galls on S. triandra in the second brood. The measurement taken was the 
greatest length of the gall, and was generally found to be almost parallel with the 
mid-vein of the leaf. 


THE EGG. 
(1) Oviposition. 

A single adult P. proxima is able to lay 20-35 eggs. This figure was obtained 
by placing a single newly-emerged female in a cage containing S. triandra 
leaves in the optimum condition for oviposition. Every twenty-four hours 
the sawfly was moved to a new cage, and was thus given unlimited material 
for oviposition. After death, the abdomen was opened and the ovaries examined. 
In five individuals the number of ripe eggs present varied from 12 to 25, and 
there were never more than 6 unripe eggs. The number of eggs laid was 
ascertained by dissecting open the galls in the cages, for the actual number of 
galls was always greater than the number of eggs laid. It is apparently normal 
for P. proxima to saw in suitable leaves and inject the glandular fluid into them, 
but not always to lay an egg. Galls thus formed are perfectly normal in 
appearance. 

The abdomen of a newly-emerged sawfly is almost entirely filled by a large 
bladder, containing a milky fluid, and communicating by a short duct with the 
exterior of the body at the base of the ovipositor. In the sawflies which had 
died after laying their eggs this bladder was much reduced in size and contained 
very little fluid. A many-branched gland which opens into the bladder remained 
unchanged in size after oviposition. 


(2) Description and incubation. 

The egg is bluish-white and bean-shaped when very young. After fourteen 
days it has become ovoid, and its average size is 0-64 mm. long and 0-27 mm. at 
its widest part (text-fig. 1, A&B). Apparent differences in size between eggs 
laid on S. triandra and 8. fragilis when examined statistically were found to be 
insignificant (Table II). The chorion is slightly roughened but shows no definite 
pattern. Magnus (1914) describes a rupturing of the chorion a few hours after 
oviposition, but this has not been observed by the present writer. 
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Measurements of eggs in the ovary and at various times after oviposition 
show that there is a slight growth in size before hatching (Table Il). The 
growth in size of sawfly eggs has been noted in many species (Enslin, 1912), 
but the authorities are not agreed whether this is due to growth from within 
or absorption of material from without. . 

Magnus (1914) points out that the egg is embedded in a mass of slime con- 
sisting mostly of the glandular secretion from the sawfly, and therefore could 
hardly receive liquid from the leaf tissues. Peacock (1928), in a paper on 
another species of sawfly, Pristiphora pallipes Lep., says: ‘The egg-swelling 
is mainly due to intra-ovum conditions, perhaps mainly to the growth of the 
embryo. However, the probability that atmospheric moisture plays some part, 


TABLE II.—Size of eggs of Pontania proxima Lep., June 1935. 


| Average | Average 
Host-plant. | Age in days.| length width 
im mm. im mm. 
S. fragilis ..| In oviduct. 0-51 0-18 =| 
3 0:57 0-21 | 
8 0-58 0-25 
10 0-61 0-26 
14 0-64 0:27 
S. triandra..| In oviduct. 0-48 0-18 
1 0-51 0-19 
5 0-5 0-2 
10 0-58 0-26 
14 0-59 0:26 


at present unknown, cannot be disregarded.’ He notes that the eggs of this 
sawfly were stained red as the result of placing the cut end of a gooseberry 
twig, on which they were laid, in weak eosin. 

P. proxima eggs of the first brood, i.e. June, were found to hatch in 12-19 
days. About the tenth day a pair of pigment spots became visible at the 
thicker pole, indicating the position of the future larval eyes. In a few days 
the tips of the mandibles could be seen by the naked eye, and under a microscope 
details of larval structure stood out clearly (text-fig. 1,B). The abdomen was 
flexed ventrally and the prolegs could not be distinguished. The segmentation 
of the body was clear, especially in the thorax and anterior of the abdomen. 


THE LARVA, 
(1) The number of instars. 


There are five larval instars, through which the insect passes in approximately 
fifteen days. It is impossible to give exact figures for the lengths of the different 


THE BIOLOGY OF PONTANIA PROXIMA 585 


instars, since they cannot be observed directly. If a gall is cut open in order 
to examine a larva, the succulent tissue soon becomes flaccid, and the food 
supply of the larva is thus altered. The only method by which an approximate 
figure can be obtained is by cutting open samples of galls of known age and 
noting the instar of the contained larvae. These observations must be made 
with sufficiently large numbers to obtain an accurate average. 

The number of instars was ascertained in the first place by measuring the 
head widths of all the larvae examined. In checking the results it was found 
that Dyar’s law gave a sufficiently accurate theoretical figure (cf. Taylor, 1931). 
The accompanying table shows the observed figures taken from the measure- 
ment of 150 larvae, and the calculated figures. It will be noted that the calcu- 
lated figures fall well within the limits of the actual measurements. 

It was found when calculating the duration of the different instars, that on 
an average the first and second took rather less than three days, and the third, 


TABLE ITT.—Width of head of larva of P. proxima Lep. on 8. triandra L. 
Ist brood 1935. 


(Dyar’s Factor 1-42.) 


Tce Theoretical Measured 
figure. figure. 

| mm. mm. 
| TS ooougessos 0:23 0:21-0:27 
Burns hen eee clea oe 0:32 0:28-0:34 
OVC CAeryspsecees 0:45 0:39-0:54 
(aay “sa oenma re 0:65 0:59-0:73 
| ld Mecano oeeos 0-92 0-81-1-4 

| 


fourth and fifth took rather more than three days. On the other hand, there 
were many cases of galls opened, thirty to forty days after oviposition, in which 
second and third instar larvae were present. Unhatched eggs were never found 
more than twenty days after oviposition, and even this was exceptional. 
Therefore the larvae must have taken between ten and twenty days to pass 
through a part of their life-cycle which normally takes five to seven days. 
It is doubtful whether these slow growing larvae ever reach maturity. There 
seems to be a small number of these weaklings in the offspring of nearly all the 
parent sawflies. 

In these experiments, in which one female sawfly was liberated in a cage 
and removed within twenty-four hours, it is obvious that all the galls in one 
cage contain the offspring of the same virgin female, and all are the same age 
within twenty-four hours. To insure that infection could not take place from 
wild sawflies before or after the controlled experiment, the cage was put up 
two days before it was to be used, and was kept in use until the galls it contained 
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were empty. It is surprising to note that very few cases were recorded in which 
the offspring of one mother contained no weaklings, and often the proportion 
was high. Naturally a vigorous, rapidly growing willow rod, free from aphid 
attack, is a better host plant than a poorly grown specimen, and its galls produce 
more mature larvae. 


(2) Habits and appearance. 

The habits and appearance of the larva (text-fig. 1, C & D) have been 
described by many authors (Ratzeburg, 1844; Miller, 1869 ; Cameron, 1873 ; 
Rudow, 1875 ; Swanton, 1912 ; Magnus, 1914; Ross, 1932), and there is little 
to add, since it is of the typical sawfly type. 

De Réaumur (1737) states that the young larva is bluish and becomes white 
as the gall grows. This bluish pigment does not appear to have been mentioned 
elsewhere, although it is a striking characteristic of the larva in certain conditions. 
Unfortunately Réaumur does not mention the species of willow with which 
he was working, but it was possibly the common S. fragilis of the hedgerows, 
on which these bluish larva commonly appear. In the second and third 
instars the body-wall and blood of the larva sometimes become a pale bluish- 
green colour. The pigment is not in the gut, or fat-body, and it has not been 
seen in any other instars but the second and third. This phenomenon occurs 
quite commonly in larvae from S. fragilis, but has only been observed on two 
or three occasions in larvae fed on NS. triandra. 


(3) The aperture of the gall. 


At some period during its life the larva bites a small round aperture in the 
wall of the gall, so that its cavity communicates with the exterior (Pl. 21, fig. 5). 
This is generally done in the fourth instar, but galls showing the aperture are 
not infrequently found to contain third or even second instar larvae. Its 
commonest position is at the distal end of the gall on the underside of the leaf. 
However much its position varies, it is always found at one or other end of the 
gall. There are various theories about the function of the aperture and the 
reason for its position. Heim (1893) thought its primary function was to 
aerate the gall cavity. Rabaud (1918) states that the position of the aperture 
is determined by the arrangement of the most succulent parts of the gall tissue, 
the larva eating these parts first, which bring it almost always to the distal 
region of the gall on the lower surface, where it meets the normal leaf tissue. 

He considers the comparatively constant position of the aperture is due to 
the larva obeying ‘la loi de moindre effort ’, and in no way connected with 
its possible functions. He points out the temptation to seek a ‘ purpose ” 
for such an action, though in this case one may look in vain. If its ‘ purpose * 
is to allow the exit of the larva for pupation, there is no reason for its formation 
so long before it is required. If, again, its ‘ purpose ’ is to allow the free entry 
of air into the gall, or to provide a means of removing the faeces with which the 
gall becomes choked, there is no need for it to be in any particular position. 
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On the other hand, it is often an actual danger to the larva, since it allows the 
entry of parasites and predators. 

Rabaud’s theory is that certain habits may persist in which there appears 
to be no advantage to the animal, but because they are not definitely lethal, 
they do not die out and may even show a secondary usefulness. 


THE PREPUPA AND PUPA. 
(1) The cocoon. 

When the larva has ceased to feed, it leaves the gall and seeks a suitable 
place for spinning its cocoon, either in the earthround the host plant or in cracks 
under the roughened bark. It then enters the prepupal stadium without any 
further ecdysis. The body becomes shorter and stouter and only capable of 
slight abdominal movements. After two or three days it starts to spin 
a cocoon, composed of branching brown fibres ; earth or leaf particles evidently 
do not necessarily enter into its composition, for a prepupa was placed in a clean 
glass tube and it spun a cocoon that was quite typical in structure, size and 
colour. In natural conditions, however, grains of sand etc. often adhere 
firmly to the walls of the cocoon, which is at first a thin lace-like structure of 
branching fibres. Eventually every space is filled by more fibres and the 
inside is smoothly varnished, so that it forms a water-tight chamber (Pl. 21, 
fig. 4, A). 

The cocoon is cylindrical, rounded similarly at either end, and varying con- 
siderably in size. The average length is about 5mm. Ina random sample of 
thirty cocoons, taken from both S. triandra and S. fragilis, the length varied 
between 3-8 mm. and 5-9 mm. 

The cocoons of the first brood are light golden-brown in colour and their 
walls are comparatively thin. Those of the second brood have thicker walls, 
and are at first the same colour, but during the winter they darken, especially 
in wet conditions, and are almost black by spring. 


(2) The habits and appearance of the prepupa. 


For the first few days in the cocoon the prepupa is curled round inside it. 
The head is flexed towards the ventral surface of the thorax, and the last two 
or three segments of the abdomen are also flexed ventrally. The body gradually 
shortens and becomes thicker until the condition shown in text-fig.1, E, is 
reached. At this period the prepupa lies quite straight in the cocoon. The 
skin is much wrinkled, bears a few scattered hairs, and is greyish in colour. 
There are scattered dark brown pigment spots on the tergum of the last abdo- 
minal segment. The body contents breaks down in histolysis, and consists for 
the most part of yellow fat globules, which shine through the skin, giving the 
insect a dingy yellow appearance. The head is brown and somewhat unevenly 
pigmented. There is a semilunar pale area lying across the face between the 
ocelli, and on this region are situated a few brown pigment spots. The labrum 
and mandibles are dark brown and well sclerotized. The maxillae and labium 
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are practically unpigmented. The head capsule is shining and lightly covered 
with small, fine setae. 


(3) The length of the instar. 


The prepupal instar of the first brood on S. triandra lasts from two to four 
days before the cocoon is spun, and a further seven to eighteen days inside the 
cocoon. It is possible to give only approximate figures, as it is difficult to cut 
in a cocoon a window that is large enough to observe the insect inside it without 
interfering with its normal behaviour. 

In the second brood, the prepupal instar may last for a few days, as in the 
first brood, or it may last for months, the sawfly hibernating as a prepupa. 
The second condition appears to be normal in south-west England, the first 
only occurring in exceptionally warm weather during the autumn and early 
winter months. In 1934, galled S. triandra leaves were gathered in large 


TaBLe 1V.—Temperatures recorded at Long Ashton during the winter 1934-5. 


| Difference | 


Mean [ee | 

Date. temperature | | 

| in OF average | 

my ray 

| 

| | | 

October 1934 ....| 52-0 40-7 | 
November 1934 .. 44-3 10:7 
December 1934 .. 47-7 +6:3 

January 1935 .... 41-7 — 0-2 | 


numbers on 11 September, most of the larvae being in the fourth and fifth 
instars. By 2 October, all but an insignificant number had spun cocoons. 
On 10 October a sample of twenty-five of these cocoons was examined. Thirteen 
contained healthy prepupae, seven contained pupae, and five were parasitized. 
On 11 October one adult sawfly emerged. From this date until 31 December 
several hundred adults emerged. All died within a few days, and were unable 
to lay any eggs owing to the lack of young willow leaves during the winter. 
It was noted that the weather was exceptionally dry and warm, but whenever 
there was a cold spell there was a check in the emergence of the sawflies. 

In 1935 the galled leaves were not collected until 25 September, it being a late 
season. By 21 October practically all had spun cocoons. As in the previous 
year, the cocoons were kept out ot doors, and were protected only from flooding. 
The autumn was cold and often frosty, and no adult sawflies emerged. Dis- 
section of a random sample showed that none had pupated. A few cocoons 
were brought into a warm room on 2 November, and on 8 November and several 
successive days a small number of sawflies emerged, 
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It is evident that a proportion of the second brood prepupae are able to pupate 
and emerge during autumn if the temperature is sufficiently high. Ina favour- 
able season, such as 1934, about one-third of the total number emerged between 
11 October and 31 December. In the same season not a single specimen 
emerged from a sample of 500 cocoons kept in cold store (1° C., humidity 
90-95 per cent.). Samples of fifty cocoons were examined in December, 
March and April, and no pupae were present. The results show that second 
brood sawflies do not pupate in autumn unless the temperature is above 


Fia. 2.—Pontania proxima Lep. 
ACPEUpa ieee sen eae e, 


a certain minimum. (This figure has not been obtained.) In England the 
winter temperature may be above this minimum for long periods, as in 1934, 
causing a large emergence of a third brood. Since these females are unable to 
lay any eggs, a warm winter acts as a natural control on the numbers of the 
sawfly. The prepupae and pupae evidently can resist lower temperatures 
than the adult, and once pupation has occurred lowering the temperature 
does not prevent emergence. This factor was probably partly responsible 
for the scarcity of galls on S, triandra in 1935, 
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The above results, it should be emphasized, are all from the examination 
of cocoons produced by larvae fed on 8S. triandra. Cocoons from S. fragilis 
provide a very different result. Both in 1934 and 1935 there was no third 
emergence of S. fragilis bred sawflies. Examination, of the cocoons in December 
and March showed 100 per cent prepupae present. By the first week in May 
about 15 per cent. had pupated, and this was followed by the normal spring 
emergence in late May and June. 


TABLE V. 
TO SHOW THE EFFECT OF FLOODING ON COCOONS OF P. PROXIMALEP. 


Date of period of Flooding. 


40 


35 
30 
x 
25 : 
2 20 3 
os | f | 
Be !o) 
gil a E 3 
= 40 3 
8 35 = 
= 30 9? 
B U0 
© ry 3 
S 25 2 
| 20 ot 
E pot es 
15 ro) 
a de 
eric | | | fe “80 
O40 c 
S =| 
an. 218) 
sai 
E 


[ess ree | 
Sa ares 
ee 
ee) 
BSS 

4 weeks 


z 

25 

20 

15 

oA af 

Wetihoas Ombpe le WA Carone roe A 


0-October. D-December. F-February. A-April. 


Date of counting samples. 


(4) The pupa. Emergence. 
The pupal instar of both broods lasts from seven to fifteen days. The pupa 
is free and at first creamy-white with pale pink eyes (text-fig. 2). The eyes 
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become red in a few days and the hard parts of the body darken under the thin 
pupal skin. After moulting the body assumes the full colours of maturity 
and the wings harden. The insect bites off a small round cap at the apex of the 
cocoon, and, pushing it aside while often still attached by a hinge of a few 
fibres, it struggles out of its confinement rapidly and almost immediately flies 
away. 


(5) The effect of flooding on the cocoon. 

Since the low-lying land on which willows are cultivated is generally under 
water during some part of the winter, it was thought that the effect of flooding 
on the cocoons of P. proxima might be interesting to study. 

The winter cocoons were divided into lots of about five hundred and mixed 
with fine soil, as already described (p. 579). Each lot was kept flooded with 
rain water for periods of one, two or four weeks in November, January or April, 
periods at which the withy beds are most often flooded. Samples of fifty 
cocoons were taken from each lot immediately the period of flooding was over, 
and their contents were examined. The results are recorded in Table V. 

The percentage of deaths rises steadily throughout the winter, whether 
the cocoons are flooded or not. However, flooding definitely increases the 
mortality, and flooding over a long period kills more than over a short period. 

Cocoons kept in an unheated greenhouse throughout the winter, and only 
slightly moist, showed a very low mortality (about 5 per cent.). These deaths 
were quite possibly due to mechanical injury received in manipulation. 

It is evident therefore that since flooding in winter normally occurs on withy 
beds, a large proportion of P. proxima must be destroyed in this way. 

It is impossible to draw more detailed conclusions from these experiments, 
since they were not done on a sufficiently large scale and can only be considered 
indications of the possible results of more detailed work. Such work would 
require conditions of controlled temperature and humidity and much larger 
samples. 


THE IMAGO. 
(1) Parthenogenesis. 


Among all the sawflies reared only one was a male. The male of P. proxima 
is very rare, the species reproducing almost entirely parthenogenetically. 
Smith (1876) believes that unless the galls are gathered before any of the sawflies 
have escaped there will be little or no chance of breeding males. This might 
account for the scarcity of males in the material, which was collected when the 
maximum number of sawfly larvae were in their fourth or fifth instar, so that 
some of the earliest prepupae had already left the galls. 


(2) Description. 


Enslin (1915), Cameron, (1885), Morice (1906), and many others have described 
the adult sawfly, and it has been figured by Ratzeburg (1844), Cameron ( 1873), 
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and Dittrich (1924). The figures of Frisch (1721) and Swammerdam (1758) 
are of ichneumon parasites of the sawfly and not of the sawfly itself. 
A series of the imagines has been deposited in the British Museum of Natural 


History for reference. The appearance of the male and female is shown in 
text-fig. 1, F-J. 


(3) Synonymy. 

The genus Pontania (Costa, 1859) is not morphologically distinct from Nema- 
tus, but it is probably more convenient to keep the gall-making forms distinct 
from the free-living forms. 

Benson (in litt., 1936) gives the synonymy of the species as follows :— 


Nematus proximus Le Peletier, 1823, Mon. Tenthred. 67, n. 201. 

NV. gallicola Stephens, 1835, Ill. Brit. Ent. (Mand.) 7: 36. 

NV. crassispina Thomson, 1871, Hymenopt. Scandin. 1 : 164, n. 99. 
N. vallismert Hartig, 1873, Die familien der blattwespen ...: 205. 
N. festivus Zaddach, 1883, Schrift. phys. 6kon. Ges. Kénigs. 24: 146. 
NV. parvulus Holmgren, 1883, Ent. Tidskr. 4: 146, n. 12. 


Various other synonyms given by Dalla Torre (1902) and Morice (1906) 
are not included in the list as the types have not been recently examined. 
N. herbacea Cam. is certainly a distinct species. An incorrect synonym which 
-appears frequently in the literature is N. capreae L. Linnaeus’ description, 
under Cynips capreae, was of a chalcid parasite, and not of the sawfly itself. 


(4) Host plants. 

There is considerable confusion over the host plants of P. proxima, due partly 
to uncertainty in the synonymy of the sawfly and partly to the difficulty of 
identifying closely related species of willows. 

Dalla Torre (1902) gives the following list of host plants :—Salix caprea L., 
S. fragilis L., S. vitellina L., S. alba L., S. amygdalina L., S. cinerea L., S. pent- 
andra L., S. silesiaca Willd. 

Houard (1908) adds a further score of species, but most of them refer to other 
species of sawfly. 

Mr. Benson tells me (1938) that he has bred P. proxima material from the 
alba-fragilis-triandra group of willows and also from the caprea-cinerea group, 
and that he can now distinguish between them morphologically, since there 
are differences in the direction of the hairs on the saw-sheath. 


(5) Biological races. 

Mr. Benson has examined a long series of P. proxima from S. triandra and 
S. fragilis, and he cannot separate them on any morphological character. 
There are, however, definite differences in behaviour, which suggests that 
P. proxima exists as two biological races on these host plants. Data collected 
over many years would be necessary for conclusive proof, but indications that 
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such races exist are shown by the behaviour of the sawfly in choice of species 
of willow for oviposition and in the times of emergence. 

The most satisfactory evidence obtained was experimental. Adult sawflies 
which had been reared from larvae fed on S. triandra were placed in cages on 


TasLe VI.—Results of caging the first brood of P. proxima Lep. bred from 
S. triandra L. on S. fragilis L. in 1935. 


No. of Date Remarks. 

cage galled. 

Ub erhat 20. vi. All (15) galls aborted * before eggs hatched. 

Dik stetereiecs 20. vi. 1 gall present, undersized, larva pupated and small adult 
emerged. 

SB) soouer 26. vi. 20 galls present, undersized. No larvae reached maturity. 

ee obooos 29. vi. 11 galls present, undersized. 1 contained dead young larva ; 
1 had a full-grown larva; 9 were empty shells, the larvae | 
having gone to ground. 

OVaemicters 26. vi. 17 galls present, undersized. No larvae reached maturity. 

OF i qamam 22. vi. All (18) aborted before eggs hatched. 

th onan 26. vi. 17 aborted galls, in which eggs did not hatch. 9 undersized 
galls, 1 containing dead larva; 8 with full-grown larvae, 
all of which subsequently pupated and emerged. 

Super Tokers 22. vi. 2 aborted galls, in which eggs did not hatch. 9 undersized galls, 
all containing dead young larvae. 

Oar sraiers, © 10. vil. 4 undersized galls, containing dead young larvae. 

IO) nana 28. vi. 5 undersized galls; 2 containing dead young larvae; 3 were 
empty shells, the larvae having left them to pupate. 
VE SatatiAc 28. vi. 2 undersized galls, containing full-grown larvae, which subse- 

quently pupated and emerged as small sawflies. 


24 cages contained no galls. 
11 cages contained galls which are described above. 


suitable rods of 8. fragilis and vice versa. The sawflies were liberated in the 
cages within a few hours of emerging, and left there until they died, so that 
there was no possibility of them being removed from the plant before their 


* An aborted gall is taken to mean one in which gall development is arrested at an early 
age and the central part dies, the dead tissue often tearing apart and making a hole in the 
leaf. Such galls often do not contain eggs. 
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eggs were ripe or before they had grown accustomed to the strange environment. 
It was found that similar sawflies placed in cages on their normal host plant 
started oviposition in calm, warm weather within a few minutes. On the 
unnatural host plant considerable time was spent in exploring every leaf, and 
much hesitation was apparent before oviposition was attempted. In many 
cases the sawfly got into position for laying an egg, and even started to saw, 
but gave up the attempt soon after piercing the cuticle of the leaf. Galls never 
developed where the leaf had been wounded in this way, the spot being marked 
only by a small patch of dead tissue. In other cases an egg would be laid 
successfully and a gall would develop. 

Tables VI and VII give the detailed results of the experiments. The most 
complete and representative results occurred in one series of cage experiments 


TABLE VII.—Results of caging the first brood of P. proxima Lep. bred from 
S. fragilis L. on SN. triandra L. in 1935. 


No. of Date 

cage galled Evo <a. 

Ie aye 15.vi. | 6 aborted* galls in which eggs never hatched. 10 undersized 

| galls; 7 containing full-grown larvae, which completed 

development ; 3 containing dead larvae. 

DP Selateves 20. vi. 1 aborted gall, in which the egg never hatched. 

or cancas 20.vi. | 9 aborted galls, in which eggs never hatched. 

A Seer eas 28. vi. | 5 aborted galls. 8 undersized galls containing 2 live and 6 dead 
larvae. 


4 cages contained no galls. 
4 cages contained galls, which are described above. 


in which sawflies from S. triandra were liberated on 8. fragilis. The results 
with sawflies from 8. fragilis liberated on S. triandra are, unfortunately, too 
scanty to be of much value. A better series was not obtained owing to various 
experimental difficulties, but there is an indication that in all probability the 
results would be the same as those obtained on S. fragilis. 

In no case were the galls produced of normal size, and on S. triandra they 
were pale greenish-yellow and never became red on the upper surface as in 
normal galls. The mortality among the larvae was high, and the few adult 
sawflies produced were undersized and weak. These, in their turn, were 
placed in cages on the new host plant, but in no case did they lay eggs. 


* An aborted gall is taken to mean one in which gall development is arrested at an early 
age and the central part dies, the dead tissue often tearing apart and making a hole in the 
leaf. Such galls often do not contain eggs. 
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Pl. 21, fig. 1, shows a typical example of the type of aborted gall produced ° 
on S. triandra by sawflies bred on S. fragilis. There is a central patch of dead 
tissue corresponding with the incision made in the epidermis by the ovipositor. 
This is surrounded by a halo of yellow or pale green tissue, which may or may 
not show a swelling due to gall formation. 

It is interesting to compare this type of abortion with that produced by 
an entirely different cause. PI. 21, fig. 2, shows galls that were produced on 
S. triandra by caging a sawfly, bred on this host, on a shoot which had already 
formed a terminal bud, indicating that the season’s growth had finished. 
The sawfly was therefore forced to lay her eggs in old leaves which had nearly 
finished growing. The resulting galls were very small, and those which con- 
tained larvae were not able to produce enough gall tissue to feed them. Unlike 
the first type of aborted galls, these were normal in colour. 

Heslop Harrison (1927), in his work on a related species of gall-forming sawfly, 
Pontania salicis Christ., gives the opinion that the choice of plant for ovi- 
position is germinally fixed, and that the races choosing different species of 
willow are species in the making. 

Other evidence that there are biological races within the species is incomplete, 
and is only given here as an indication that further investigations on this 
question are needed. 

During the autumn and winter of 1934 adults emerged from about 20 per cent. 
of the total number of cocoons collected from S. triandra. During the same 
period none emerged from cocoons from S. fragilis, and examination of samples 
showed that no pupation took place until May 1935. This difference was not 
obtained again in the autumn of 1935, probably owing to the more severe 
weather, which prevented any emergence at all. 

There was, however, a difference in times of emergence in the first brood of 
1935. Adults from S. triandra emerged from 27 May to 12 July, with the peak 
emergence on 24 June. Those from S. fragilis emerged from 28 May to 20 June, 
with the peak on 4 June. 

It is impossible to compare satisfactorily the second broods of 1935, because 
though those from S. triandra emerged normally on 5-30 August, those from 
S. fragilis were effected by some unknown factor, and an overlapping of broods 
took place to such an extent that young and old galls could be found on the 
same trees, at the same time, during most of the season. 


PARASITES. 
(1) Species recorded. 

There are many species of parasites recorded from P. proxima, but in most 
cases the evidence for their inclusion is quite unsatisfactory. Ratzeburg 
(1848), André (1879), Rudow (1881), and Dittrich (1924) give long lists, which 
are not quoted in this paper. It is believed that the following parasites are 


the only species that can be said to have been bred from P. proxima with little 
doubt. 
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Species marked with an asterisk (*) were bred from galls gathered during 
1934—6 in Somerset and Gloucestershire. 


ICHNEUMONIDAE: 


(a) *Angitia vestigialis Ratz. 
(=Campoplex vestigialis Ratz. 
=ILnmneria vestigialis Br.) 
(6) *Pimpla vesicaria Ratz. 
(=Pimpla (Epiurus) vesicariae Thoms.) 
(c) *Mesochorus sp. 
(d) *Scopimenus pygobarbus Rom. 
(e) Angitia curvicauda Holm. 
(=Limneria curvicauda Holm.) 
(f) Angitia coleophorarum Ratz. 
(=Campoplex coleophorarum Ratz.) 
(g) Ischnobatis stramineipes Br. 
(=Thersilochus stramineipes Br.) 
(h) Meloboris crassicornis Grav. 
(=Campoplex crassicornis Grav. 
=Limneria crassicornis Holm.) 
(i) Mesoleius bilineatus Grav. 
(=Tryphon bilineatus Grav.) 
(j) Mesoleius variegatus Jur. 
(=Anomalon variegatum Jur. 
=Tryphon sanguinicollis Grav. 
= Mesoleius sanguinicollis Holm. 
= Mesoleptus sanguinicollis Vollen. 
= Mesoleptus variegatus Kriech.) 
(k) Tryphon leucodactylus Ratz. 
(l) Erromenus analis Br. 
(m) Limneria clypeata Br. 


BRACONIDAE : 


(n) *Microbracon discoideus Wesm. 
(0) *Microbracon picticornis Wesm. 


CHALCIDIDAE : 


(p) *Eulophus tischbeinii Ratz. 
(q) *Habrocytus capreae Thoms. 
(=Pteromalus capreae Swed. 
=Cynips capreae Fons. 
—Ftroxys (Habrocytus) capreae Thoms.) 
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(r) Bupelmus urozonus Dalm. 
(=Hupelmus zonurus Dalm. 
= Macroneura maculipes Walk. 
=Hupelmus azureus Ratz. 
=Pteromalus audouinit Ratz. 
=Prteromalus dufourti Ratz. 
=Hupelmus cordairit Gir.) 

(s) Eurytoma aciculata Ratz. 


The confusion arises from the difficulty of identification. P. proxima has 
half a dozen synonyms and is often called by names belonging to entirely 
different species of sawflies. The parasites themselves have many synonyms. 
It is therefore impossible to say with complete conviction that a certain species 
is a parasite of P. proxima without first-hand evidence. This has been obtained 
in only eight species from the above list. The remainder have been included 
because the records examined agree with each other and seem probably accurate 
in each case. 

André (1879) says that several Cynipidae have been bred from P. proxima. 
Mr. G. J. Kerrich, of the University Museum of Zoology, Cambridge, says 
(in litt., 1936): ‘As for the species Charips (=Allotria Westw., 1833, nec 
Hiibner, 1816) as far as is known, all the Charipinae are hyperparasites of 
Aphids. In this case, it is not difficult to imagine that a mistake could have 
been made, for an Aphidid (especially a dead brown one) might easily have been 
overlooked on a gall or in an old gall.’ 

It is proposed to describe here those parasites that were bred during 1934-6. 
All information from other sources which has not been confirmed at first hand 
has been omitted. Specimens of the imagines have been deposited for reference 
in the British Museum (Natural History). 


(2) ICHNEUMONIDAR. 
(a) Angitia vestigialis Ratz. 

This endoparasite of P. proxima is very common. The spring brood emerges 
in late May and throughout June, and the summer brood during August. 
Oviposition has not been observed, but evidently occurs after the sawfly egg 
has hatched, and therefore when the gall is fully developed. A series of 
experiments was conducted in which a mated pair of A. vestigialis was introduced 
for twenty-four hours into a cage containing P. proxima galls of known age. 
The accompanying table (Table VIII) shows that the parasite was only able to 
oviposit if the sawfly eggs had hatched, that is, if the female was put into the 
cage approximately eleven or more days after the sawfly eggs had been laid. 
Evidently A. vestigialis cannot or does not lay her eggs in sawfly larvae of more 
than a certain age. This age has not been ascertained by experiment, but it 
was observed that the first larval instar of the parasite was never found in sawfly 
larvae older than the third instar, and even this was exceptional. 
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The parasite under confined conditions oviposited in every hatched sawfly, 
and some contained as many as four or five eggs floating in the haemocoel. 
It is not known whether so many eggs would be laid in a single host in natural 
conditions. Eggs of different ages were dissected from the body of the host 
and examined in normal saline. 

The eggs (text-fig. 3, A) are sausage-shaped, tending to widen in diameter slightly 
at the cephalic pole. They vary considerably in size, those in a random 
sample of ten varying between 0-55x0-1 mm. and 0-80x0-14 mm. The 
chorion is flexible and elastic, and late embryos are able to move actively by 
flexing the abdomen. The presence of the chorion does not appear to restrict 
this movement in any way. A young embryo shows a slight shrinkage in length 


Taste VIII.—Results of experiments on the oviposition of Angitia vestigralis 


Ratz. in 1935. 
Date of Number of | Peesence () 
introducing days Number of 
Teer mated pairs between os larvae of Number of 
OS eae ee of dates of pees | a P. proxima | cages used. 
OU haat A. vestigialis| columns Chee examined. 
; host larva. 
into cage. 1 and 2. 
14. vi. 220M. | 8 — 20 1 
20. vi. 20 aan 9 ~ 32 3 
29. vi 9. vii. 10 — 25 2 
22. vi 3. vil ll +: Ola 2 
22. vi 4. vil. 12 — 28 2 
Loewe Pile wale 14 4+ 39 3 
14. vi. 29. vi. 16 + 44 2 
15. vi. 4. vil. 19 + 31 2 
6. vi. Oil Nils | al + ii 1 
4. vi 27. vi. 23 + 23 1 


away from the chorion at the cephalic pole, and this becomes accentuated during 
development, the embryo being finally considerably shorter than the chorion, 
with a space anteriorly and posteriorly. The head is large and the thoracic 
and abdominal segments become clearly demarcated before hatching. There 
is a short, stout caudal appendage, such as is commonly found in endoparasitic 
Ichneumonidae, and in the egg it is flexed ventrally. The egg hatched in four 
and five days in the two cases where this was observed. 

The first instar larva (text-fig. 3, B) has a pale yellowish brown strongly 
sclerotized head, which is produced into a short beak ventrally, in which it is 
possible to distinguish the extremely minute mandibles. A wave-like muscular 


contraction of the pharynx was seen to occur at frequent intervals. The thorax 
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Fia. 3.—Angitia vestigialis Ratz. 


E. Head of prepupa ; front view. 


I. Abdomen of imago ; lateral view, ¢. 


D. Prepupa leaving host. 


H. Abdomen of imago ; lateral view, 9. 


C. Larva in third instar, 


A. Egg. B. Larva in first instar. 


G. Imago, Q. 


F. Pupa, 3. 
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and abdomen show their segmentation clearly, and each segment is subdivided 
by a median groove. The body is white and the cuticle is smooth and shining. 
The caudal appendage is a short finger-like process. Its function is uncertain, but 
is possibly connected with respiration. Seurat (1899) believes that it aids loco- 
motion. The tracheal system is apneustic and simple. There is a pair of main 
trunks, from which short branches are given off in the thorax and first few 
abdominal segments. 

In the second instar the size of the head is reduced, but it is still pigmented, 
and various sutures stand out clearly. The mouth-parts are at the apex of the 
‘beak’. The thorax and abdomen have lost their secondary grooves and 
the caudal appendage is smaller and more pointed. The gut contents are 
bright green and shine through the white cuticle. 

The third is typical of the later instars (text-fig. 3, C). The head is small and 
capable of retraction within the prothorax. It has lost all pigment and its cuticle is 
smooth and white like that of the rest of the body. The mandibles are sharp 
and curved and they are situated at the base of a short buccal depression. 
Neither they nor any other part of the tentorium are pigmented until the pre- 
pupal stage is reached. The antennae are small inconspicuous papillae. The 
body becomes shorter and stouter in shape compared with the earlier instars. 
The caudal appendage becomes smaller and finally disappears altogether. 

The contents of the gut become yellow in the later instars and its strong colour 
can be seen through the dorsal body-wall of the host. The parasitic larva 
is enveloped in the host’s fat-body, and as pupation approaches it is found 
to lie facing towards the posterior end of the host. By this time the host, 
which is alive and actively feeding and growing all the time, spins its cocoon 
and enters the prepupal stadium. In the spring brood, a few days after this, 
the parasite consumes the whole of the remains of the body contents of the host 
and grows rapidly until it completely fills the sawfly’sskin. Eventually it bursts 
the skin and slowly pushes it back over its body (text-fig.3, D). The dried remains 
of the skin and the head capsule cling to the last few segments of the parasite 
for several days. In the summer brood the process is the same except that 
the parasite larva passes through the later instars much more slowly, since it 
hibernates in the sawfly prepupa and it does not leave the body of the host till 
May. There are probably five larval instars, but the nature of an endoparasite’s 
habits render it difficult to confirm this. 

The prepupa of A. vestigialis lies in the brown sawfly cocoon for some days 
before it begins to spin its own cocoon. In appearance it is not unlike the pre- 
pupa of P. vesicaria, but is less yellow in colour, shows practically no dorso- 
ventral flattening, and its lateral folds are not so marked. A pair of patches 
of pigment on the protergum indicate the position of the imaginal eyes, and the 
head is small and almost retracted into the thorax. The tentorium and mouth- 
parts have acquired a light brown pigment andare well sclerotized (text-fig. 3, E). 
The mandibles are triangular and are sharply pointed and slightly curved. 
The labial ring is incomplete ventrally and is composed of three distinct 
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portions. There is a median bar which passes just ventrally to the opening 
of the mouth and a pair of curved lateral bars the dorsal ends of which lie 
between the median bar and the labial struts, with which they articulate. There 
is a large pair of sensillae placed symmetrically on each side of the area sur- 
rounded by the labialring. Another pair is situated above the dorsal ends of the 
lateral bars of the labial ring, on the slight swellings which occur at the sides of 
the mouth. Other minute sensillae are scattered over the head, their position 
varying in different individuals. The mouth is a large semilunar slit lying in 
a depression ventral to the mandibles and dorsal to the labial ring. The 
mandibular struts are stout and well sclerotized except at the distal ends, 


TapLe [X.—Presence of Angitia vestigialis Ratz. in cocoons of 
P. proxima Lep. 


| 
Percentage parasitization. 
Number of | 
Host plant. cocoons in | Samples Samples. Samples. 
sample. | examined examined examined 
|in December. in March. in May. 

S. triandra... 700 | 20 16 13 

S. fragilis ... 100 37 | 36 23 
| 
| 


where they gradually fade out. The main bodies of the struts give off short 
arms anteriorly, which articulate with the ventral angles of the mandibles. 
The maxillary and labral struts jo the main portion of the mandibular struts 
at the same region, thus forming a tripod with the short arm described above. 
The maxillary struts are also short and do not reach as far as the labial struts, 
as in Pimpla vesicaria. The labial struts are slender and lightly sclerotized. 
They give off short processes which articulate with the dorsal angles of the 
mandibles, and disappear almost immediately afterwards. The labial struts 
are dumb-bell-shaped, the distal pole being much larger than the proximal. 
The proximal poles are slightly bifurcated and articulate with the dorsal ends 
of the lateral bars of the labial ring. Short slender bars pass laterally to the 
large expanded distal pole. They become progressively less sclerotized as they 
pass outwards. 

Shortly before pupating the prepupa spins a silky white cocoon, which fits 
closely inside the brown sawfly cocoon. The remains of the host are left 
outside the inner cocoon, but defaecation takes place inside it. The pupa 
(text-fig. 3, F) is white and has red eyes. .The appendages are widely separated 
in the mid-line. When it emerges the adult cuts a round hole, with irregular’ 
jagged edges, in the side of the sawfly cocoon, near one end (PI. 21, fig. 4, C). 
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This emergence hole is distinctive, and cannot be confused with the larger 
neatly cut circular hole made by the sawfly, generally slightly obliquely across 
the end of the cocoon. 

In 1935 many sawfly cocoons examined during the first fortnight of May 
were found to contain prepupae and pupae of A. vestigialis. The first adult, 
a male, emerged on 27 May, but the main emergence started on 3 June and 
continued till 12 July. The sawflies which had escaped parasitization emerged 
between 9 May and 12 July from the same batch of cocoons. In the second 
brood of the same year A. vestigialis started to emerge on 5 August and con- 
tinued till 26 August. There were a few more males than females in both 
broods. 

During the winter 1934-5 random samples of cocoons were examined at 
intervals, and the number of A. vestigialis present was noted. 

The figures obtained for cocoons from S. triandra suggest that there is a slightly 
higher mortality among parasitized sawflies than among healthy ones. The 
higher degree of parasitization among cocoons from S. fragilis is probably 
not of significance, since the galls from the two host plants were collected from 
widely different localities. 

The imago is shown in text-fig. 3, G-I. 


(b) Pimpla vesicaria Ratz. 


Oviposition, was observed under natural conditions on, two occasions, and the 
procedure was the same in each case. The female alights on a P. proxima 
gall in which a larva is actively feeding, and, bending the abdomen downwards, 
pierces the gall tissue with her long, straight ovipositor, on the upper surface. 
The ovipositor remains deeply embedded for about half a minute, the abdomen 
working up and down slightly most of the time. Eventually it is withdrawn 
and the ichneumon flies away to another gall. A minute drop of clear fluid 
exudes from the puncture, which becomes brown, and remains visible throughout 
the life of the gall. Examination of a gall immediately after oviposition shows 
a third or fourth instar sawfly larva which has ceased to feed and is rapidly 
stiffening with paralysis. One or two large elongated white eggs are in the gall- 
cavity near the larva, but seldom attached to it in any way. It is evident that 
the ichneumon must stab the larva with her ovipositor, but in the specimens 
examined no sign of a wound was observed. Probably they were not examined 
soon enough after oviposition, and the wound had already healed. 

The egg of P. vesicaria (text-fig. 4, A) is an elongated sausage shape, of an average 
size of 1x0-:24 mm. It is an opaque creamy-white, and at the cephalic pole 
the chorion is wrinkled into a scroll-like fold. A pair of thorn-like processes 
of the chorion at each pole of the egg help to anchor it and prevent it from 
rolling about loosely in the gall cavity. After hatching the active apodous larva 
immediately seeks the helpless paralyzed host, and pierces the skin with its 
jaws, often in the dorsal region of the thorax, though this is not an invariable 


rule. 
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In the first instar the head is large and conspicuous in comparison with that 
of the later instars. The diameter of the thorax is about the same as that of 
the head, the prothorax being unable to come forward and surround it. The 
antennae are about 0-04 mm. long and unsegmented. The body shows its 
segmentation clearly and the cuticle is creamy-white, shining and slightly 
roughened by minute papillae. There are a few scattered setae on each segment. 
The gut contents are a pale yellow, while large, scattered, white fat globules 
in the haemocoel, the remainder of the yolk, show clearly through the trans- 
parent cuticle. Although capable of active movement, the first instar larva 
never leaves the host. If disturbed it may lift its head and wave it slowly 
from side to side, and perhaps crawl to a new position on the host. Two 
young larvae are often found feeding on one host without interfering with each 
other. In a few cases one or two Chalcidid ectoparasites were also observed 
on the same host. Generally only one of the parasites reaches maturity, the 
others dying through insufficient nourishment. 

‘During the second and later instars (text-fig. 4, B) the head becomes gradually 
smaller in, proportion with the rest of the body, and is capable of partial retraction. 
within the ring of the prothorax. The antennae become minute. The chitinous 
bars supporting the mouth-parts are heavily pigmented and stand out almost 
black against the pale grey head segment. The gut contents darken to a deep 
prownish-pink and the fat globules become very large and conspicuous. The 
segmentation is even more clearly marked, and there is tendency to a slight 
dorso-ventral flattening. By the fifth instar the parasite is often found wandering 
round the gall away from the host. By the end of this instar the host has been 
consumed except for the cuticle and head capsule, and the prepupal instar is 
reached on, an average 9-10 days after hatching. After defaecation the prepupa 
assumes an opaque creamy-yellow colour. The dorso-ventral flattening becomes 
more marked and strong lateral longitudinal folds appear (text-fig. 4, C). The body 
is held normally in a slightly flexed position, and though capable of abdominal 
movement it generally remains inactive till pupation in about 2-24 days. 
A true cocoon is not spun, but a scanty and irregular web of white silk is formed 
inside the gall before pupation. The prepupae vary considerably in size, the 
males being as a rule much smaller than the females. The head is now smaller 
in proportion to the size of the body than at any other time. Its cuticle is 
creamy-white except for four oval grey patches extending above and approaching 
each side of the antennae (text-fig.5, A). The mandibles are small and triangular. 
They are not heavily pigmented. compared with the tentorium, except at their 
tips, where they are saw-edged. 

The labial ring is well sclerotized and almost complete. There is a small 
gap in it at the point where it nearly touches the mandibles. Immediately 
ventral to this point is a small circular sclerotized patch of tissue. The ventral 
region of the ring has a scalloped edge consisting of five lobes. There is & pair of 
sensillae arranged symmetrically inside the area surrounded by the ring. 

The mandibular struts are long heavily sclerotized bars extending from 
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a slightly pigmented ventro-lateral area of the head to articulate with the ventral 
angles of the mandibles. At a point one-third of the total length from their 
origin they give off ventrally a pair of stout labial struts, which articulate 
with the labial ring. At approximately the same distance again from this point 
the mandibular struts are joined by the labral and maxillary struts. The labral 
struts are long slender bars reaching up to the region between the antennae. 
A small process of each articulates with the dorsal angle of the mandible of 
that side. The maxillary struts pass ventrally to join the labral struts at the 
points of their articulation with the labial ring. A sensilla is present in the 
centre of each of the triangular areas bounded by the maxillary struts, the upward 
arms of the labial ring and the ventral edges of the mandibles together with 
part of the mandibular struts. 


Fie. 5.—Pimpla vesicaria Ratz. 


A. Head of prepupa ; front view. B. Pupa, 9. C. Pupa, 3. 


The opening of the mouth is small and is situated immediately in front of the 
tips of the mandibles. It cannot be seen except in specimens that have been 
stimulated to make sucking movements. The thorax of the prepupa is similar 
to that of the larva, except shortly before pupation, when two large pigmented 
patches appear on either side of the tergum of the prothorax. These are the 
future imaginal eyes, showing through the cuticle. The lateral folds already 
mentioned are confined to the abdomen. They are most marked in the second 
to the sixth segments. As pupation approaches the skin becomes more wrinkled 
and seems to be too big for its owner. Finally the skin splits and the pupa 
lies freely in the cavity of the gall. 
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The pupa is free, and its movements are restricted to strong flexion of the 
abdomen when it is disturbed. The pupal instar lasts 6-9 days, during which 
time the creamy-white pupa slowly darkens. The large compound eyes and 
three ocelli become pink, then red, and finally almost black. The eyes, head, 
thorax, pro- and metathoracic coxae and abdominal terga darken rapidly. 
The antennae, wings and posterior abdominal sterna darken more slowly, 
while the mouth-parts, tarsi, mesothoracic coxae and anterior abdominal 
Sterna are the last regions to acquire adult coloration. 

The female pupa (text-fig. 5, B) is easily distinguished by the ovipositor, which 
is carried flexed over the back and is long enough to reach the third abdominal 
segment. On the ninth and tenth terga are two pairs of large hooked setae, 
which point ventrally and are closely applied to the base of the ovipositor. 
The abdomen is large and not so pointed posteriorly as that of the male. The 
three ocelli on the vertex of the head are further apart from each other in the 
female than in the male. 


TABLE X.—Presence of P. vesicaria Ratz. in galls of P. proxima Lep. 


Number of P. vesicaria. 
Number of 
ae Percentage of 
Host plant. ate of Pupae ee oe. P. vesicaria 
examination. ieee | oS, ed  prowima present: 
: ‘ examined. 
imagines. 
| Bales. 
| S. triandra ..... vii. 34 Ou Ny 40 | 24 4623 1-75 
vill. 34 4] 87 0 ts) 2276 5:8 
ix. 34 19 44 0 4 1248 | 5-4 
x. 34 24 163 De || iss 3385 6:3 
Wills 35) 0 1 0 0 581 0:2 
Tbs (8) 2-4) 89) 3 30 7 | 28 3478 1-9 
| S. fragilis ...... vii. & viii. 34,8 945) 24 | 21 1486 | 4:8 


The male pupa (text-fig. 5,C) is altogether smaller than the female. The 
abdomen is much slimmer and tapers to a point in the last segment. The 
ovipositor and its setae are of course absent. 

The adult P. vesicaria emerges in late May and late July, about a week 
later than the sawfly host. On 3 and 5 October 1934 two adults were observed 
ovipositing in second brood willow galls, and eggs were found in galls up to the 
middle of October. It is possible that there is a third emergence of the parasite, 
for this autumn was exceptionally fine and warm. In 1935 there was no 
evidence of a third brood of P. vesicaria. The proportion of males to females 
is about 4:3, and specimens in captivity mated readily within a short time 
of emerging. 

The imago is shown in text-fig. 4, D-H. 
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(c) Mesochorus sp. 

A few adult males of Mesochorus sp. were bred from P. proxima cocoons of 
both spring and summer broods. No other stages of the life-history were found. 

Other species of this genus are known to be hyperparasites, in which the female 
lays her eggs in the primary host larva, and the hyperparasite larva attacks 
the primary parasite within the primary host. In this case it seems extremely 
probable that Angitia vestigialis is the primary parasite, although no direct 
evidence has been found. 


(d) Scopimenus pygobarbus Rom. 
A few females of a new species of Tryphonine were bred from P. proxima 
cocoons in 1935. They were sent to Dr. Roman, of the Naturhistoriska Riks- 
museum, Stockholm, for identification, and he subsequently described a new 


Fia. 6.—Microbracon discoideus Wesm. 
A. Imago, 9. B. Genitalia, ¢. 


genus and species in a joint paper with the present writer (Carleton and Roman, 
1937). 
(3) BRACONIDAR. 

(n) Microbracon discoideus Wesm. 


Microbracon discoideus was bred from P. proxima galls of both broods in small 
numbers. The eggs and larvae were not observed, but the species is probably 
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endoparasitic. The cocoon is found in the gall near the remains of the dead 
host larva, and there was never more than one found in each gall. The cocoon 
is papery in texture and varies in colour from white to pale pinkish or yellowish 
brown. It is 2-8-3-2 mm. long and 1:25 mm. wide. The pupa is white and 
has red eyes. 

Out of 37 individuals which emerged during July 1934 only one was a male. 
In 1935 the species was rare in all the localities visited, but attempts were 
made to infest P. proxima galls with the parasite in the way which had been 
successful with the ichneumon Angitia vestigialis. Single virgin females were 
introduced into cages containing P. proxima galls, in the hope that they would 
lay parthenogenetic eggs. No attempt was successful, which may have been 
due to the absence of males, the age of the galls being unsuitable, bad climatic 
conditions, or various other reasons. 

The imago is shown in text-fig. 6. 

The occurrence of M. discoideus is shown in the following table :— 


TABLE X1.—Presence of Microbracon discoideus Wesm. in 
galls of P. proxima Lep. 


| neteine Number of neta Percentage of 
Host plant. “~~ | M. discoideus (aeaeeee \M. discoideus 
examination. emerged. 5 oli eg neces 
examined. 
| | 
S. fragilis ...| 3-9. vil. 34 0 49 0 
| 12. vii. 34 1 110 0-9 
| 17-24. vii. 34 0 975 0 
7. ix. 34 0 342 0 
3. x. 35 0 478 0 
S. triandra...| vii. 34 37 4623 0-82 
x. 34 2 6869 0-03 
vil. 35 5 581 0-86 
x. 35 3 3478 0-086 


(0) Microbracon picticornis Wesm. 

Microbracon picticornis was also bred from P. proxima galls of both broods, 
but in rather larger numbers than J. discoideus. The eggs and larvae were 
not observed, and the cocoon cannot be distinguished satisfactorily from 
M. discoideus. It is more often white, but many specimens were found in which 
it was pinkish or yellowish-brown. The sexes occurred in almost equal numbers. 
Attempts were made to infest the host by introducing mated pairs into cages 
containing galls. The results were negative, but not conclusive, as the material 


available was scanty. 
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Fic. 7.—Microbracon picticornis Wesm. ; imago, 9. 


Fia. 8.—Microbracon picticornis Wesm. ; imago, 3. 
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The imago is shown on text-figs. 7 & 8. 
The occurrence of M. picticornes is shown in the following table :— 


TasBLeE XII.—Presence of M. picticornis Wesm. in galls of P. proxima Lep. 


Nnaalyerere Number of |percentage of 
| Er 1 Date of tae : galls of Bic : 
_ Host plant. . _.. _ \M. picticornis : M. picticornis 
examination. P. proxima 

emerged. ‘ present. 
examined. 
2. 3 
S. fragilis ...| 3-16. vii. 34 0 0 763 0 
17. vii. 34 2 0 381 0:5 
ix.—x. 35 0 1 820 0-1 
S. triandra .. vil. 34 35 24 4623 1-3 
x. 34 3 1 6869 0-06 
vii. 35 2 3 581 0-9 
re ah) 1 3 3478 0-1 
| 


(4) CHALCIDIDAE. 


(p) Hulophus tischbeinit Ratz. 
(q) Habrocytus capreae Thoms. 


The above two species of Chalcididae were both common ectoparasites of 
P. proxima. Oviposition was not observed, but the eggs were always found 
in full-grown galls in which the sawfly larva had hatched or in galls containing 
third and fourth instar sawfly larvae. It was not found possible to distinguish 
between the early stages of the two species, but generally speaking the smaller 
species of Chalcididae seem to attack the younger hosts, for in all cases the host 
became paralyzed and stopped feeding after oviposition, and the whole of its 
body contents was always consumed by the parasite. Fully fed larvae of the 
male H. capreae and of H. tischbeinii were invariably found in, galls containing 
the skin and head capsule of a second or third instar P. prowima larva. Fully 
fed larvae of the female H. capreae were found in galls containing the remains 
of third or fourth instar larvae. 

The eggs (text-fig. 9, A) of both species were long, oval, white bodies, evenly 
and thickly covered with short straight microtrichia, lying free in the gall cavity. 
As many as three have been found in one gall, and they are often in the same 
galls as the eggs of Pimpla vesicaria. 

The larvae of both species appear to be alike except for differences in size, and 
there are few morphological changes during development. 

In the first instar (text-fig. 9, B) the larva is pale yellow and the segmentation 


of the body is clear. The cuticle bears a few setae and many microtrichia. 
45* 
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Fig. 9.—Chalcididae. 
C. Habrocytus capreae Thoms.; pupa, g. D. Habrocytus capreae Thoms. ; imago, 9. 
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The head is provided with a short rounded snout, in which can be seen the sharp 
curved mandibles. The snout is probably suctorial, and enables the parasite 
to gain a firm hold on the host before piercing the cuticle with its mandibles. 
In the later instars the snout becomes much smaller in proportion, and finally 
disappears. The antennae are a pair of slender unsegmented papillae. The 
tracheal system consists of two main trunks, which give off short side branches 
to the spiracles on the mesothorax and the first three abdominal segments. 
Branches pass into the head, and posterior and anterior median loops connect 
the main trunks. 

In the second instar, segmental swellings, possibly of a glandular nature, 
surround the body at the anterior and posterior edges of all except the last three 
or four segments. They are particularly conspicuous when the body of the 
larva is contracted. In the later instars (text-fig. 10, A) the segmental swellings 
become restricted to the mid-dorsal region and are much more marked. They 
extend from the mesothorax to the sixth abdominal segment, the largest being 
at the second and third abdominal segments. 

The cuticle becomes colourless or pale grey, and is slightly roughened by the 
presence of very small microtrichia. The contents of the gut are dark brown 
and show through the body-wall, though not so clearly as in the larva of 
P. vesicaria. The parasite feeds in any position on the host, but generally 
on its dorsal surface. It is able to move actively, but does not leave the host 
even, for short periods until the later instars. 

The fully-grown larva defaecates and assumes the prepupal form (text- 
fig. 10, B). The prepupa is white and in a short time shows a slight constriction 
between the thorax and abdomen. The thoracic segments are much longer than 
those of the abdomen, and the general proportions are those of the future 
pupa. Itis now possible to distinguish with certainty between the two species. 
that are present. 

The pupa of H. tischbeinii (text-fig. 10, C) turns completely black in a few 
hours, though at first the eyes are red and the body is yellowish-grey. It is 
curiously flat and shrivelled in general appearance, and in this differs markedly 
from the pupae of H. capreae (text-fig. 9, C), which are curved towards the 
ventral surface and plump. Among the galls that had been picked and were 
kept in trays, it was common to find as many as ten Z. tischbeinit pupae in 
a single gall. Evidently the fully grown larvae or prepupae tend to wander 
and congregate together before pupation. This obviously cannot occur to 
such an extent in natural conditions, though galls are often found with two 
or three pupae together. The exuviae adhere firmly to the inside of the gall, 
and remain attached to the tip of the abdomen. The cuticle is very thick and 
hard and the pupa is unable to move, being of the obtect type. Hmergence 
takes place in eight to eleven days. 

The pupae (text-fig. 9, C) of the two sexes of H. capreae are alike except fora 
marked difference in size, the male being 2-5-2-7 mm. long and the female 
3-2-3-4mm. long. At first they are a greyish-yellow and have red eyes, but 
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Fie. 10.—Eulophus tischbeinii Ratz. 


A. Full-grown larva. B. Prepupa. ©. Pupa. D. Imago, 9. E. Plates of ovipositor 


in situ, terga removed; lateral view, 9. F. Imago, g. G. Genitalia; ventral 
view, ¢. 
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at the end of two or three days they assume a dark metallic green colour. 
As with E. tischbeinii, these pupae are obtect and incapable of movement. 

There are probably two broods of both of these Chalcididae in the year, 
their emergence being observed about a week to a fortnight after the emergence 
of the sawfly host. ; 

It is not possible to give satisfactory figures showing the occurrence of the 
two species, owing to their similarity in the early instars. The following table 
makes no attempt to distinguish between them, but classes them together as 
‘Chalcidid parasites ’:— 


TasBLe X111.—Presence of Chalcididae in galls of P. proxima Lep. 


| Number of, Percent- 
H Date of Chalcidid | Chalcidid | Chalcidid | P. prowima:| age of 
ost plant. ets | Sars 
/examination. eggs. larvae. pupae. galls Chalcidids 
examined. present. 
| | 
S. triandra.... vii. 34 43 216 18 2276 12 
| ix. 34 24 38 21 | 1248 7 
| x. 34 1 72 65 | 3385 4 
SS. fragilis ..... vil. 34 0 23 48 1004 7 
ix. 34 0 0 5 342 1 
x. 35 2 0 | 0 205 | 1 


A few cases have been observed of a Chalcidid larva feeding on the larva 
of the weevil Balonobius salicivorus Payk. instead of the usual host. This 
weevil is a common inquiline in P. provima galls. Out of six cases, four were 
bred successfully, the remainder dying owing to mechanical injury when the 
gall was opened. The four adults which emerged were all H. capreae, and in 
all cases the host plant was S. triandra. 

The imagines are shown in text-figs. 9, D-F, and 10, D-G. 


INQUILINES AND OTHER INSECTS INHABITING GALLS OF P. PROXIMA. 


(1) Balanobius salicivorus Payk. 

This small black weevil is common among willows, and is often observed 
with its long proboscis sunk deeply into galls of P. prowima. It lays its eggs 
in the galls and feeds on them as a larva, but as the host seldom survives the 
invasion, it is difficult to say how far the weevil is an inquiline, feeding on gall 
tissue, and how far a predator, attacking the sawfly host. 

Weevils were often found mating among the willow leaves during the spring 
and summer. Oviposition was not observed, and evidently does not take place 


readily in any but natural conditions. 


616 THE BIOLOGY OF PONTANIA PROXIMA 


The eggs are laid in galls of any age, though very young ones are usually 
chosen. They are seldom found in the cavity of the gall, but are imbedded in 
the soft fleshy tissue round the edges. As many as six have been found in 
one gall, but two or three is the usual number. The egg is oval and bright 
yellow in colour (text-fig. 11, A). The chorion is tough, shining, and without 
processes of any kind. The average size is 0-43 mm. long and 0-27 mm. wide. 

A gall in which weevil eggs have been laid is always marked on the under 
surface by small brown specks slightly sunk below the general level of the 
cuticle, giving a dimpled effect (Pl. 21, fig. 3). No doubt some of these scars 
are the feeding marks of adult weevils, but since galls so marked always 
contain weevil eggs, some of them are almost certainly oviposition scars. 

The weevil egg hatches at the same time or a little before the sawfly egg, 
except in a few cases where the weevil egg has been laid in an old gall which 
already contains a sawfly larva. The weevil larva is the typical apodous type 
(text-fig. 11, B), and remains curled up in the small round space in the gall tissue 
which surrounded the egg. It eats the tissue round it, and as the space becomes 
larger it is filled with fine dry faeces. Direct proof has not been obtained, 
but it seems probable that the sawfly egg is often damaged by chance or actually 
eaten by the weevil larvae, for it is not usual to find sawfly eggs in galls in which 
the weevils have been feeding for more than a day or two. 

Generally if there are more than three weevils in a gall some do not reach 
maturity, but die young, perhaps from the direct attack of stronger individuals, 
or more probably by starvation. Occasionally galls are found in which several 
weevils and the sawfly larva have all reached maturity, but this is quite 
exceptional. 

A gall in which a weevil has laid an egg some time after the sawfly larva has 
hatched generally contains enough gall tissue to feed both weevil and sawfly, 
but occasionally the weevil dies of starvation. It is evident that the weevil 
is only able to kill the host while the sawfly is an egg or very young larva, but 
this does not prove that the death of the host is intentional or merely the 
indirect result of the feeding habit. 

The first instar weevil larva is pale cream colour, except the head capsule, 
which is grey. The body is lightly covered with small fine setae and the seg- 
mentation is strongly marked. Each segment is wrinkled by several deep 
furrows. ‘The mandibles are heavily pigmented and well sclerotized. The larva 
is capable of active movement by abdominal muscular contraction. 

The later instars are similar, the most obvious difference being in colour. 
The body becomes darker, the mature larva being a strong, deep yellow and the 
head capsule orange. 

On reaching maturity the larva leaves the gall and pupates in the earth below. 
Miiller (1873) saw this larva ‘ suspended by a silken thread 3 feet long from the 
recently deserted gall. The thread was definitely issuing from its buccal 
organs’. He states (1869) that it forms a cocoon in the ground, made of earth 


lined with yellowish silk. In captivity no cocoon is formed, but only an 
umbrella of silk. 


Fic. 11.—Balanobius salicivorus Payk. 


D. Imago, 9. 


., imago, 9. 


C. Pupa. 


Egg. B. Full-grown larva. 
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This was not observed during the seasons 1934-5, although an attempt to 
construct an earthen cocoon was commonly made in captivity. If a sample 
of earth containing prepupae was examined, each was found lying upright in 
a cavity with smooth walls, and the component earth particles were lightly 
stuck together. The larvae all orientated themselves head upwards, at right 
angles to the earth’s surface, and about one inch below it. No signs of the 
yellow silk mentioned by Miiller were seen. 

The pupa is free (text-fig. 11,C). It is pale yellow and bears a few long setae. 
The wings are small and folded laterally over the third pair of thoracic legs. 
Emergence takes place in about fifteen days, and there are at least two broods 
in the year. 

The imago is shown in text-fig. 11, D. 


TaBLE XIV.—Presence of Balanobius salicivorus Payk. in 
galls of P. proxima Lep. 


Number Number of | he i 
Brood of é | of galls 
Host plants : | Date. of galls weevils oA 
P. proxima. ; 3 containing 
examined. present. ; 
| weevils. 
S. triandra ...... Ist 1934 | 2563 50 2 
2nd 1934 6909 149 2 
lst 1935 | 581 143 24 
2nd 1935 3478 178 5 
Sen AOULLS anata e Ist 1934 1144 115 10 
Ist and 2nd 1935 | 478 1 0-2 


In some seasons B. salicivorus is extremely common and may occur in as many 
as 40 per cent. of the galls in some localities. The galls obtained at Castle 
Cary, Somerset, from S. triandra show that there may be a great variation from 
one season to the next. In 1934 the sawfly was common and the withy bed 
was badly infested with galls. In counts made of both broods, weevils were 
found in about 2 per cent. of the galls. In the following season there were 
very severe frosts on 17-19 May, the time when the sawflies were beginning 
to emerge. The first brood galls were scarce, presumably owing to the large 
numbers of sawflies killed by the frost, but were heavily infested with weevils 
(24 per cent.). It seems possible that the weevils are not so susceptible to cold 
as the sawflies. There were very few second brood galls, as was to be expected, 
but the weevil infestation also had dropped to almost the normal level. This 
is probably accounted for by the prevalence of a parasite (see p. 619). 

On S. fragilis, too, there was a considerable variation that is probably due 
to the same cause. In 1934 galls collected from various localities near Bristol 
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contained about 10 per cent. of weevils. In 1935 galls collected from the 
same localities contained practically none. 

The ectoparasites which attack P. proxima were occasionally found feeding 
on B. salicivorus larvae. Pimpla vesicaria and Habrocytus capreae were both 
bred successfully on the weevil host. This is a particularly interesting point, 
as the two hosts belong to different orders. 

Carpentier (1908) records two other weevils—Apion minimum Herbst. and 
Balanobius crux F.—from P. proxima galls, adding that the habits of all three 
are similar and that they do not restrict themselves to this host. 

Large numbers of cocoons of an ichneumon, Thersilochus flavicornis Thoms., 
were found while sifting soil for P. proxima cocoons. This species has been 
recorded as a parasite on P. proxima (Dittrich, 1924), but this is probably an 
error, for though it was bred in large numbers from B. salicivorus there was no 
evidence to prove that the sawfly was an alternative host. It was necessary 
to examine the galls for weevils and separate them from the sawfly larvae 
before pupation. It was then found that the cocoons of 7’. flavicornis were all 
in the soil provided for the pupation of the weevils, and not among the sawflies. 
The presence of this endoparasite accounts for the otherwise extraordinary 
drop in numbers of weevils from the first to the second brood in 1935. 

The cocoons of 7’. flavicornis are similar in shape to those of P. proxima, 
but smaller (3-2X1-5 mm.) and lighter in colour, The wall is of a papery 
texture and light brown, with a thickened median band of a creamy colour. 
The pupa is free and in the female the ovipositor is carried flexed over the 
dorsal surface of the abdomen (text-fig. 11, E). The imago emerges by biting 
a small round hole in the end of the cocoon. 

The proportion of males to females was found to be about equal in a random 
sample of fifty. 


(2) Casual inhabitants of P. proxima galls. 

Two Tortricidae (Lepidoptera) were bred from larvae found feeding inside 
P. proxima galls. The larger, Tortrix podana Scop., burrows into a full-grown 
gall, gets rid of the sawfly larvae, and spins an uneven web of white silk round 
the entrance of the gall and inside the cavity. It feeds on the gall tissue in 
the first and second instars, but afterwards becomes too large to enter the gall, 
and, extending its web over the leaf surface, takes shelter under it. It eats 
the whole willow leaf and sometimes those adjoining it, and pupates in a leaf 
rolled up with threads of silk. This species is recorded on most deciduous trees 
and is very common. 

The smaller species, Peronea logiana Schiff. (=tristana Hiib.), has very similar 
habits, but spends a larger part of its larval life inside the gall. Occasionally 
two individuals are found in one gall. 

Various species of aphids, which commonly attack willows, are often found 
in the galls of P. prowima. They enter deserted galls and often cast their skins 
inside them. They are also sometimes found feeding on young galls that are 
still fresh and succulent. 
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The larvae of Phyllodecta vulgatissima L. (Chrysomelidae), a common pest of 
willows, are occasionally found in deserted P. proxima galls. This must be 
due to chance wandering, as, apart from shelter, they derive no benefit from 
entering the galls. 

A mite, Anoetus sp., was found in large numbers in the hypopial nymphal 
stages on adult P. provima emerging in November 1934. It is common to find 
hypopial stages of Anoetus on many species of insects, so this has no special 
interest. 


SUMMARY. 


(1) Pontania proxima Lep., the bean gall sawfly of willows, is a common 
gall-forming sawfly, the general outline of whose life-history has been known 
since the eighteenth century. 

It is recorded from almost every country in Europe and from western Asia. 

(2) The development and histology of the gall have been studied in great 
detail by Magnus (1914). He attempted to produce galls artificially by ino- 
culating young willow leaves with a glandular extract from the abdomen 
of the sawfly. The mechanical difficulties were too great, and negative results 
were obtained, but were in no way conclusive. 

In the present investigation some of his experiments have been repeated, 
again with negative results, but the causes of the difficulties have been analyzed, 
and a technique is described in which the sawfly’s own ovipositor is used for 
making an incision in the leaf. It is believed that this method would repay 
further investigation, since its use removes one of the principal difficulties. 

(3) The life-history of the sawfly is described in detail. The egg swells during 
incubation, as is usual among Tenthredinidae, and hatching occurs in 12-19 days, 
when the gall has reached its maximum size. 

(4) There are five larval instars, which last about 15 days. The larva makes 
a small round aperture in the wall of the gall at some time during its life, 
generally in thefourth instar. The constant position of the aperture at one end 
of the gall and its possible functions are discussed. 

(5) The prepupal stadium is passed inside a cocoon. 

It lasts for 7-18 days in the first brood. In the second brood it may last 
for 7-18 days or for some months. In the latter event the sawfly hibernates 
as a prepupa. This condition obtains in a normal winter in SW. England, 
but when the weather is exceptionally warm a large proportion of the sawflies 
pupates and emerges in the autumn, a natural control on their numbers being 
thus exercised, since they are unable to find young willow leaves for oviposition. 

(6) The effect of winter flooding on the cocoons was examined. It was found 
that there is a steady 1ise in mortality throughout the winter, whether flooding 
occurs or not. However, flooding definitely increases the mortality. 

(7) The species is parthenogenetic and the male is extremely rare, only one 
being bred during three years. 

Sawflies were bred on two species of willows, Salix triandia L. and S. fragilis L. 
The question of biological races within the species is discussed. There are 
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apparently no morphological differences.in this case (but see p- 593). Certain 
differences were observed in the times of emergence of the sawfly on the two 
host plants. Experiments in which the female sawfly was offered for oviposition 
a species of willow which it would not normally choose, showed that eggs were 
laid with extreme reluctance. The galls did not develop normally, the larvae 
generally died, and the small proportion of adults which eventually emerged 
were undersized weaklings, all of which died without laying eggs. 

(8) A large number of hymenopterous parasites has been recorded from 
P. proxima. Hight species were bred during the present investigation, and their 
life-history is described in detail in an attempt to straighten out the confusion 
which has arisen from incorrect identification of both host and parasites. 

Of special interest is the very common Ichneumonid endoparasite Angitia 
vestigialis Ratz., which in one case was found to attack as many as 37 per cent. 
of the hosts. 


The ectoparasitic Ichneumon Pimpla vesicaria Ratz. parasitized from 1 to 
7 per cent. of the sawflies. 


Two species of ectoparastic Chalcididae together accounted for a further 
1-12 per cent. of the sawflies. 

The Braconidae were comparatively scarce. The two remaining species of 
Ichneumonidae were very scarce. One, Scopimenus pygobarbus Rom., is 
a new species, and has been described by Dr. A. Roman of Stockholm. 

(9) An inquiline, Balanobius salicworus Payk., is of common occurrence 
in the galls, and its life-history is described. Its numbers fluctuate enormously 
in different localities and seasons, varying from being present in 40 per cent. 
of the galls to being totally absent. It has a common endoparasite, Thersi- 
lochus flavicornis Thoms., and is occasionally attacked by the ectoparasites 
normally found on P. proxima. 

Various casual inhabitants of the galls are mentioned. They obtain either 
food or protection or both from the gall, but are not intimately connected with 
the biology of the sawfly. 
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EXPLANATION OF THE PLATES. 


PuateE 20. 
Fig. 1. Cage ready for use on willow rod. 
Fig. 2. Framework of cage. 
Fig. 3. Salix triandra L., leaf with galls. 
Fig. 4. Salix fragilis L., leaf with galls. 
PuatTeE 21. 
Fig. 1. Aborted galls on Salix triandra L. (1). 
Fig. 2. Aborted galls on Salix triandra L. (II). 
Fig. 3. Galls of Pontania proxima Lep. attacked by Balanobius salicivorus Payk. 
Fig. 4. Pontania proxima Lep. Cocoons. A. Before emergence of imago. B. After emer- 
gence of imago. C. After emergence of Angitia vestigialis Ratz. 
Fig. 5. Gall showing aperture on Salix fragilis L. 
ABBREVIATIONS USED IN FIGURES. 
ant., antenna. ovi., Ovipositor. 

lbi.ri., labial ring. plp., palp of ovipositor. 

lbi.st., labial strut. qua., quadrate plate (ventral portion of 

lbr. st., labral strut. 9th tergum). 

man., mandible. S., sternum. 
mn.st., mandibular strut. ss., saw sheath 
me.st., maxillary strut. T., tergum. 
obl., oblong plate (9th sternum). trz., triangular plate (Sth sternum). 
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INTRODUCTION. 


This paper is an account of the fishes of Lake Rukwa and is based on the 
collections and field-studies made between the end of September and the 
beginning of November, 1936, by Miss R. J. Owen and the writer. The aim 
of the paper is to bring our results into line with the works of Dr. Worthington, 
Mr. Graham, and others in the regions further north. (References to these 
works are given by Worthington and Ricardo, 1936, p. 355.) The first part 
consists of a brief general account of the lake and its fish fauna, while the rest 
contains taxonomic details and ecological notes for each of the different species. 
The fish belonging to the family Cichlidae were studied and identified by 
Miss Owen and the rest by myself. 

We should like to take this opportunity of thanking all the people who 
helped and advised us on this expedition ; in particular, Mr. H. W. D. Pollock, 
District Officer at Mbeya; Mr. G. 8. Savory, Manager of the Rukwa Ventures 
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Fishery ; Dr. Worthington ; Dr. C. Tate Regan, F.R.S., until recently Director 
of the British Museum (Natural History); Mr. J. R. Norman and Dr. E. 
Trewavas of the British Museum ; Professor J. Stanley Gardiner, F.R.S., and 
Professor J. Gray, F.R.S., of the Zoological Laboratory, Cambridge ; and many 
others who were good to us on the way. 


EXPLORATION OF LAKE RUKWA. 


Joseph Thomson, in 1880, was the first white man to see Lake Rukwa. He 
went out to Africa in 1878 on an expedition organized by the Royal Geographical 
Society under the leadership of Mr. Keith Johnston. Unfortunately, Keith 
Johnston died soon after landing in the country, and Joseph Thomson was 
left in charge. He continued the work and described his travels and experiences 
in a fascinating book called ‘ To the Central African Lakes and back’ (1881). 
The aims of the expedition were (vol. 1, pp. 3-4) ‘ to explore the country between 
Dar-es-Salaam ... and Lake Nyassa, and to consider the practicability of con- 
structing a road between these places. If stores were not exhausted on reaching 
Lake Nyassa, the Expedition was to continue its explorations as far as Lake 
Tanganyika’. After a successful journey to Lake Tanganyika and part of the 
Congo, Thomson decided to go back to the coast by a more northerly route 
than that by which he had come, to avoid the fighting which had broken out 
among the natives further south. During his travels, he had heard a great 
deal about a mysterious and isolated lake to the east, and when his route passed 
within a few days’ march of this lake, he determined to go and look at it. 
He arrived at the north-west corner in April 1880 and describes standing on the 
rift scarp and gazing on to the lake below (vol. 11, pp. 223-8), but he never 
went down into the valley. 

After Thomson, several Europeans visited the lake and made maps and 
surveys, and in 1896 the White Fathers Mission was built at Zimba. The 
first fishes were collected in 1899 by Dr. Fuelleborn when he was in those 
regions making anthropological studies on the ‘ Nyassa- und Kingagebirgs- 
Expedition der Hermann und Elise geb. Heckmann Wentzel-Stiftung ’ (1902). 
He brought back 350 specimens belonging to 12 species, and these he gave to 
the Zoological Museum in Berlin, where they were studied by Professor Hilgen- 
dorf and Dr. Pappenheim (1903). Fuelleborn noted that the water was 
‘grosstentheils salzig’. He also suggested that the lake should again be 
called by the native name of Rukwa. Earlier, Thomson had proposed the 
Kuropean name of Leopold, as he had found so much variation in the native 
words. 

In 1910 Mr. F. H. Melland made a small collection of fishes from streams 
running into the north-west corner of the lake. He sent these fishes to the 
British Museum, where they were examined by Dr. G. A. Boulenger (1911) 
and were found to belong to three species, one of which was new. These were 


the only fishes from Lake Rukwa in the British Museum until the incorporation 
of our own collections, 
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In 1935 an economic fishery was started in Lake Rukwa to supply dried 
fish to the natives working in the gold-fields and seisal plantations. 

The present expedition made general collections in the lake and brought 
back 379 specimens of fishes, representing twenty-one species, fifteen genera, 
and eight families. These include one new species, one new subspecies, and 
eight species that have not previously been recorded from Lake Rukwa. 


PHYSICAL GEOGRAPHY. 


Lake Rukwa lies in a trough in the west branch of the Rift Valley between 
Lake Tanganyika and Lake Nyasa at an altitude of 820 metres (2,690 feet). 
The trough is bounded on the north-east side by the Rukwa scarp, a great wall 
of rock running from Mount Mbeya for two hundred miles in a north-westerly 
direction. The scarp is at its highest [about 1,200 m. (4,000 feet)] above the 
valley floor, at the south end, becoming lower as it goes north-west, until it 
finally fades out in the main Tanganyika Plateau, the general level of which 
is between 1,200 and 1,500 m. (4,000 and 5,000 feet) above sea-level. According 
to Bailey Willis, who gives a full report of the tectonics of this region (1936, 
pp. 35, 58-60), the Rukwa scarp was formed by a great fault which is 
continuous southwards with the edge of the Livingstone Mountains on the 
east shore of Lake Nyasa. The south-west edge of the trough is more irregular, 
less steep, and the escarpment is of a very complicated structure formed by 
violent folding of the rock mixed with faulting. 

The present lake is about ninety miles long and is situated halfway down the 
length of the trough. The valley floor has been tipped towards the east so 
that the lake lies close to the eastern escarpment. The lower part of this scarp 
consists of a sheer cliff, about 60 m. (200 feet) in height, which is said by Gran- 
tham (1932, p. 4) to be the actual face of the rift fault. On the other side of the 
lake, however, there is a gently sloping alluvial plain, from five to twenty miles 
wide, between the water and the western scarp. There is no outlet to the lake, 
so that it is isolated in its own drainage basin. The main affluents are the Sira 
and Songwe Rivers in the south, the Momba on the west and the Kawu in the 
north, and these are probably the only ones that flow all the year round. There 
are also a number of small rivers coming in from the plateaux on either side, 
but they mostly run only during the rainy season. 

The lake itself is divided into two parts: a main southerly lake, about 
thirty by fifteen miles in extent, which is fairly permanent ; and a large shallow 
extension to the north, about sixty by twenty-five miles, which varies very much 
in size, and periodically dries up altogether. The two regions are separated 
by a narrow bar, mostly covered with swamp vegetation, but there are occasional 
channels leading through from one part to the other. The whole lake is ex- 
tremely shallow and the greatest depth we recorded at the end of the dry season 
was 34 metres about two miles from the east shore, though we were told that 


there was probably as much as 5 or 6 metres at other times of year. The 
46* 
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northern lake is even shallower, and there, many miles from the shore, the depth 
was only between two and three metres, while there was less than a metre over 


the bar. 
32° 33° 3h ee 


30° 31° 


\~ Malaparazi R. 


eich en he IKAN LATEAU 


RHODESIAN 


PLATEAU 


N\N\\Y = Volcanoes 


retina arerky = RiFt escarpments 


Fie. 1.—Sketch-map of Lake Rukwa and its drainage system. 
Rivers and lakes taken from the map published at the War Office, 1927. 
Rift structures from Bailey Willis (1936). Fault lines marked 7|j]7],7117 «=%from 


plate iii, p. 31, and escarpments marked -- - ----- - deduced from the text, 
pp. 35, 58-60, 226-32, 
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There seems to be great variation in the level of the water, both in different 
seasons and in different years. During the rains the level rises considerably 
and both lakes, particularly the northern one, become much larger in area and 
flood the plains to the north, west, and south. Although there are no detailed 
records of the changes of level, the White Fathers of Zimba Mission gave us 
much interesting information about the history of the northern lake during the 
last fifty years or so. Apparently, until 1880, it was about the present size, 
but it then dried up completely for a number of years. In 1900 it filled up again 
and since that time has dried up on two or three occasions, each time for several 
years, the last being from 1925 to 1930. When Mr. Melland visited the lake in 
August, 1910, he records that the whole of the north lake was dry and that it 
had dried up between the rains each year since 1902. He also heard that the 
northern part of the main lake was reduced to a swamp and that the only open 
water was at the extreme south end. It would be interesting to compare the 
changes of level of Lake Rukwa with those of other African lakes and to try and 
correlate them with the variation in the numbers of sunspots. Gillman (1933, 
Appendix iii) summarizes the data from Lakes Albert, Victoria, Nyasa, and 
Tanganyika, which show that since 1903 there appears to have been a correlation 
between high water level and sunspot maxima. Unfortunately there are not 
enough records from Lake Rukwa to be significant, but it may be worth noting 
that in 1910, when the lake was said to be low, the other lakes were also low and 
the sunspots were at a minimum. On the other hand, Lake Rukwa was again 
low from 1925 to 1930, and although the level in most of the other lakes fell 
surprisingly during 1928 and 1929, the sunspots during this period were at 
a maximum. 

Since the level of Lake Rukwa varies considerably at the present time, 
it is easy to imagine that under more violent climatic conditions in the past 
the lake may at times have dried up altogether, and at others to have been much 
larger than at present. There are no signs, however, of its ever having been 
completely dried up, but there is abundant evidence that in former times it 
must have been a vast lake, very much deeper and more extensive than now, 
which has been reduced to its present size by desiccation and the accumulation 
of silt. When surveying the Lupa Goldfield, just to the east of Lake Rukwa, 
Grantham (1932, pp. 7-8) found signs of former lake levels at many places along 
the scarp, particularly by the Lupa River, and several of these were at an altitude 
of 1,075 m. (3,500 feet), at least 185 m. (600 feet) above the present lake. He 
also estimated that there must be about 150 m. (500 feet) or more of silt on the 
valley floor (p. 23). Evidence that the ancient lake covered a very large area 
is given by Teale (1938, p. 34) in his ‘ Provisional map of Tanganyika ’, where 
he shows that there are alluvial deposits along the whole length of the Rukwa 
trough. This suggests that the lake must have reached as far south as the great 
volcanic mass of Rungwe and Poroto and north to where the valley dies out 
in the peneplain. He also shows a short valley, filled with alluvium, running 
from Karema on Lake Tanganyika in an easterly direction. This valley is not 


630 MISS C. K. RICARDO ON THE FISHES OF LAKE RUKWA 


continuous with the Rukwa trough, but the height of the pass between them is 
said to be only about 185 m. (600 feet) above the present level of Lake Tanganyika 
(Teale, quoted by Willis, 1936, p. 232). It seems probable, therefore, although 
there is not complete evidence, that when Lake Rukwa was at its former higher 
level it must have had a water connexion with Lake Tanganyika. 

Apart from Lake Tanganyika there is no evidence of any connexion between 
Lake Rukwa and other drainage systems in recent times. It should be borne in 
mind, however, before examining the distribution of the fish fauna that, although 
the present drainage basin is isolated, it is only very narrowly separated from 
parts of the Congo, Zambezi, and East African systems, and probably has at some- 
time been in communication with one or more of these systems. The present 
watershed between the tributaries of the Momba River and parts of the Cham- 
bezi River, Congo system, is narrow, but seems to be fairly high and well marked. 
To the south, the main valley towards Lake Nyasa is effectively blocked by 
Rungwe and Poroto, but the head of the Songwe River of Lake Nyasa comes 
extremely close to the head waters of branches of the Momba and Songwe 
Rivers of Lake Rukwa. Tributaries of the Songwe River of Lake Nyasa are 
only narrowly separated from the Luangwa River, another part of the Zambezi 
system. To the east, the watershed between the Sira or Lupa and Ruaha Rivers 
is both relatively low and narrow, while to the north the Kawu comes very near 
to the tributaries of the Malagarazi River which starts in the swampy region just 
south of Lake Victoria and runs into Lake Tanganyika. Unfortunately, not 
enough is yet known about the exact heights of these watersheds, nor of former 
water levels, to make it possible to postulate changes in the drainage systems 
of this region. It will be interesting to learn the results of the geological expedi- 
tion now in the field, which should throw more light on the past history of Lake 
Rukwa, particularly as to how long it has been isolated and the directions in 
which it may formerly have overflowed. 


THE FISH FAUNA. 


There are now twenty-four species of fishes recorded from Lake Rukwa and 
their names are listed on pp. 631-2, together with notes on their geographical 
distribution in other regions. ‘The first column contains all the species known 
from Lake Rukwa and its affluents, while the second contains those from 
Lake Tanganyika. The third column covers the Congo system, including the 
Lower and Upper Congo, the Lualaba and Luvua Rivers, Lake Mweru, the 
Luapula system, the Bangweulu region, and the Chambezi River. The fourth 
column covers the Zambezi system, including the Zambezi, Shiré, Luangwa, 
and Kafue Rivers and Lake Nyasa. The fifth covers the East African rivers, 
the most important being the Rovuma, Ruaha, Rufiji, Bubu, Wami, and 
Pangani Rivers, and the Manyara system, and the last includes any regions 
that do not come in the rest of the table. 
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Name of species. 


MorMYRIDAE. 

Marcusenius 
chus. 

Gnathonemus macrolept- 
dotus. 

Mormyrus longirostris. . 


discorhyn- 


CHARACIDAE. 
Alestes imberi 
Hydrocyon lineatus 


CYPRINIDAE. 
Barilius moorw 
Engraulicypris congicus - 
Subsp. rukwaensis .. 
Barbus pappenhewni 
Barbus paludinosus 


Barbus salmo 
Barbus luikae 
Barbus lineomaculatus... 
Barbus innocens......--- 


2) s/lelYeiie (018116 


Labeo fuellebornt ....++- 
AMPHILIIDAE. 

Leptoglanis rotundiceps. . 
Amphilius platychir .... 


SCHILBEIDAE. 
Schilbe mystus ..1+++++ 
CLARIIDAE. 

Clarias mossambicus ....- 


Clarias hilgendorfi . 


p* 
p* 


p* 


Table of Species. 
Note.—P = Present, but not endemic. 
E = Endemic to Lake Rukwa. 
* — Not previously recorded from Lake Rukwa. 
+ = Recorded from Lake Rukwa, but not represented in the present collection. 
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Elsewhere. 


Lake Ngami. 


Limpopo R. 
Nile and tropi- 
cal Africa. 


Lake Kivu. 


Abyssinia to 
Angola. 
Orange River, 
Natal. 


Ruzizi and 
Lulua Rivers. 

Malagarazi 
River, 
Urundi. 


Nile and tropi- 
cal Africa. 


Abyssinia, 
Lake Vic- 
toria, Kivu. 


Fee ee ean ae ean a a 
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Table of Species (continued). 


| 
Congo | Zambezi 
pas Lake | System, System, East : 
Name of species. eral Tangan- |including including African Elsewhere. 
yika. Bang- Lake | Rivers. 
weulu. | Nyasa. 
MocHocuIDAE. 
Synodontis zambesensis..| - P — 1 Ie Pe = 
Synodontis fuelleborni .. E — -- — — — 
CYPRINODONTIDAE. 
Aplocheilichthys john- 12s — — ie — Zululand. 
stont 
CICHLIDAE. | 
Tilapia rukwaensis .... E == ss | = | = = 
Haplochromis bloyeti .. 18 fo — | — =e eee. =e 
| 


It is interesting to examine this table to see whether a study of the fishes can 
throw any further light on the past history of the lake. The list shows that of 
the twenty-four species recorded, only four and one subspecies are endemic. 
This suggests that Lake Rukwa has not been isolated for any great length of 
time, particularly as the water is very alkaline and might be expected to have 
a marked effect on the fauna. On the other hand, it must be remembered 
that the presence of the big predatory tiger-fish, Hydrocyon, in large numbers, 
has probably had a controlling effect, preventing the production of many new 
species. If the endemicity of the fish fauna (about 18 per cent.) be compared 
with that of the lakes further north (Worthington and Ricardo, 1936, p. 360) 
it is found to lie between that of Lake Albert (about 11 per cent.), which is 
directly connected to the Nile, and that of Lake Rudolf (about 32 per cent.), 
which is isolated in a closed drainage basin. Since all three lakes contain 
large predators, and since both the isolated ones are very alkaline, it seems 
probable that Lake Rukwa, with its lower proportion of endemics, has not been 
so long isolated as Lake Rudolf. 

The remaining nineteen species in Lake Rukwa are also found in other 
regions, showing that formerly the lake must have been in communication with 
neighbouring drainage systems. Unfortunately, most of these species are rather 
widespread in their distribution, so that it is difficult to discover from which 
system they have come. There are, however, a few species with limited 
distributions which do indicate the probable sources of the fauna as a 
whole. Three of these, namely, Barilius moorii, Engraulicypris congicus, and 
Clarias hilgendorfi, are otherwise restricted practically to Lake Tanganyika. 
Although the Clarias can live in small streams and swamps, the other two are 
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typical of open and well-oxygenated water, and their presence in Lake Rukwa 
supports the idea that there must have been a definite water connexion between 
the two lakes. Seven other species may also have come into Lake Rukwa 
in this way. Among these, Labeo fuelleborni is of interest, as it was originally 
thought to be endemic, but has recently been recorded from the Malagarazi River 
(David, 1937, p. 413). It is worth noting that both this species and the endemic 
Synodontis fuelleborni are extremely closely related to species of Labeo and 
Synodontis from Lake Victoria, so that it is possible that that lake has also 
contributed to the fauna of Lake Rukwa. If so, the presence of Labeo fuelleborni 
in the Malagarazi suggests that this river may have connected the two 
lakes, either through Lake Tanganyika or possibly directly across by the 
Kawu River. 

There are still ten species in Lake Rukwa that do not occurin Lake Tanganyika 
and these must have come from a different direction. Three must apparently 
be from the East African rivers, but they are all small species, represented 
in the collection by few individuals, and there is some doubt about their 
distribution. The rest are present both in the Zambezi and Congo systems and 
might at first sight have come from either. If the fauna of the Chambezi 
region (Congo) is studied (Worthington, 1933 b, p. 413), it is found to contain 
a large component of fish from the Zambezi, but the majority of the species 
are typical of the Congo. If, then, the species in Lake Rukwa were from this 
system, one would expect both Congo and Zambezi forms to be represented, 
but in fact there are none typical of the Congo and all are found in the Zambezi. 
It seems more likely, therefore, that the Zambezi, rather than the Congo, is 
the source from which these species have come and that this system must have 
been in communication with Lake Rukwa. The connexion may have been 
through Lake Nyasa, and this suggestion is supported by the distribution of 
Aplocheilichthys johnstoni which is said to be restricted to the two lakes and to 
Zululand. There are, however, species in Lake Rukwa from the Zambezi 
that are not found in Lake Nyasa, and these must have come from a different 
part of the system, possibly by the Luangwa River or even indirectly by the 
Chambezi River. 

The fish fauna of Lake Rukwa thus seems to be a heterogeneous collection 
derived from at least three different drainage systems. 


DESCRIPTION OF THE CONDITIONS IN THE LAKE. 


In an attempt to give a general idea of the conditions in Lake Rukwa, the 
physical and chemical characters of the water and the general features of 
the lake as an environment for fish are described and, finally, a brief account 
of the fauna is given. 

The most striking feature of the water is that it is grey in colour and so thick 
that Secchi’s disk disappeared at a depth of three inches and there was no reading 
on a photo-electric cell at half a metre. The thickness is mainly caused by 
mud from the bottom which is continually stirred up by the wind. The water 
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is also very alkaline, due to large quantities of sodium, and had ill effects on 
the nets, clothes, and digestions of the expedition. Samples were taken in the 
main lake where the average pH was 8-5 and analyses of these by the Govern- 
ment Chemist in London show figures of 149 mg. of sodium per litre and a total 
alkalinity, calculated as carbonate, of 212-8 mg./litre. Rough determinations 
in the field showed that in the north lake the pH was about 9-5 and the alkalinity 
was about three and a half times as great as in the main lake. If these figures 
be compared with those of other African lakes (Beadle, 1932, p. 207), they are 
found to lie between those of Lake Baringo and those of Lake Rudolf. The 
sodium content and alkalinity of the main lake are a little greater than in 
Lake Baringo, while the values for the north lake are of the same order as in Lake 
Rudolf. The alkalinity of Lake Tanganyika is only a little less than in the 
main lake of Lake Rukwa, but there large quantities of magnesium and potassium 
take the place of some of the sodium. ‘The value for silica in Lake Rukwa is 
also extremely high, namely, 76 mg./litre. These samples were all taken near 
the end of the dry season, but the water probably becomes diluted during 
the rains. The range of temperature recorded in the surface-water was from 
22:4° C. at 8 a.m. to 27-5° C. at 4.30 p.m., while the air-temperature varied 
from 17°C. at 5.30 a.m. to 37:5° C. at 4.30 p.m. 

Lake Rukwa is extremely uniform in character and it is impossible to dis- 
tinguish a variety of habitats depending on differences in depth, vegetation, 
or shore-line. The water is shallow everywhere and is kept mixed by the wind 
so that no layering is possible. The bottom is covered with a fine grey mud 
which seems to support very little life. Only a few chironomid larvae and 
dragonfly nymphs were caught in dredge hauls and there are practically no 
submerged water plants, so that when parts of the lake dry up, large expanses 
of bare mud are left. Round most of the edge of the lake is a band of emergent 
aquatic vegetation consisting mainly of grasses and sedges including Vossia 
cuspidata and Cyperus articulatus *. Along the east side where the shore is 
slightly steeper than elsewhere the band is rather narrow, but on the south and 
west sides, particularly round the mouths of the rivers, it may be a mile or so 
in width. In a few places the edge of the lake is clear of this vegetation and 
on parts of the west shore there is a sandy beach. Although there may be 
a large variety of micro-habitats, when considering the fish, the whole lake must 
be regarded as one single kind of habitat with possible arbitrary subdivisions 
into open water areas, regions near the littoral vegetation, and off the sandy 
beaches. 

The scarcity of plant life in Lake Rukwa is remarkable, as the fauna is 
abundant and must ultimately depend on plants for its supply of food. Not only 
are there very few of the higher plants, but the phytoplankton also seemed to 
be sparse. It may be that this plankton is really plentiful, but that most 
of it escaped through the meshes of even a very fine net, and it may be more 


* Hereafter this band of vegetation will be called ‘ littoral vegetation ’. 


MISS ©. K. RICARDO ON THE FISHES OF LAKE RUKWA 635 


abundant at other times of year. It is possible also that there are large 
quantities of organic material in the lake, though filtered water was not markedly 
brown. The zooplankton, on the other hand, consisting mainly of species of 
Diaptomus, Cyclops, Hyalodaphnia, and rotifers, was extremely dense and 
soon choked up the nets. 

The larger fauna is also rich in individuals, though rather poor in species. 
Fishes, particularly a species of Tilapia, are enormously abundant all over the 
lake. An idea of the numbers is probably best given by describing the methods 
of fishing and the quantities that are caught. The natives fish with triangular 
nets with a short bag which they use as large tow-nets, except that they are 
pushed along in front of the canoe. The mesh of the nets is about 33 inches 
in the upper part, but smaller in the bag, while the fishing area of the net is 
about thirty square feet and sweeps the water from the surface to a depth of 
about two metres. By this method, paddling about at random, and in spite of 
the fact that the fish are invisible, a native can often catch as many as twenty 
or thirty in an hour with a single net. In the European fishery the fish are caught 
in large seine nets, 400 feet in length, with 5-inch mesh and 600-foot end ropes 
for hauling the net ashore. Ina single haul with these nets there would be any 
number between about 200 and 1,500 fish. 

Feeding on the fish are crocodiles and great flocks of pelicans and many other 
water-birds. The crocodiles are so numerous that they can be seen in hundreds 
basking along parts of the shore, and they manage to find, raid, and generally 
destroy any net that is left out in the lake. They grow to a very large size, 
and are said to be so full of fish that they do not bother about human beings. 
There are also large schools of hippotamuses which feed on the vegetation at 
the edge of the lake. 

It is interesting to note that most of the larger fauna, the fish, crocodiles, and 
hippopotamuses, are very light in colour and much paler than the same animals 
in neighbouring regions, and often even paler than those in the streamsrunning 
into the lake. This lack of colour may be directly due to the small amount of 
light that penetrates the thick water, or it may be that in such water there is no 
need for colour for protection. It is possible also that there is some substance 
in the water that prevents the formation of the normal pigments. 

In spite of the apparent lack of vegetation, Lake Rukwa supports a large, 
though rather monotonous, fauna which leaves the impression of being rank, 
overgrown, and overfed. 


EcoLoGy OF THE FISHES. 


In studying the ecology of the fishes, notes were made on their distribution 
in the lake and on their feeding and breeding habits. Since the conditions in 
Lake Rukwa are so uniform, it is impossible to distinguish different groups of 
fishes living in different habitats, and most of the species are to be found in all 
parts of the lake. There are, however, very slight differences in the fauna in 
the open water, the region near the littoral vegetation, and the sandy beach 
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on the west shore. In the open water the most important fishes are Tilapia, 
large Hydrocyon, Schilbe, Clarias, and Synodontis zambesensis. Small species, 
such as Alestes and Engraulicypris, are probably abundant also, but were too 
small to be caught in the gill-nets. These species inhabit also the regions near 
the littoral vegetation, but here Alestes is the commonest form and there are 
several mormyrids and Synodontis fuelleborni in addition. On the west shore 
Alestes again seems to be the most abundant form, but there are also large 
numbers of Engraulicypris, Barilius, and Barbus, while Labeo is much more 
common here than in any other part of the lake. In the north lake fish are 
scarcer than in the main part, but the commonest species is again Tilapia, 
and there are large numbers of Clarias and Barbus. 

The main sources of food in Lake Rukwa are the fishes themselves, the 
plankton, the water plants and the fauna living among them, and the mud. The 
most important predators are Hydrocyon, Schilbe, and Clarias, and these feed 
on the small species of fish and fish fry. The Barilius also, small asitis, is carni- 
vorous and was found to be feeding on J'ilapia fry. Feeding on the plankton 
were several small species of fish, particularly Alestes and probably Engrauli- 
cypris, and these form the main link between the plankton and the big 
predators. A few species, mainly mormyrids, feed at the bottom on the 
chironomid larvae and other small animals and plants livingin the mud. Most 
of the rest of the species, particularly Tilapia, Labeo, and Synodontis, seemed 
to be feeding on plankton, algae, and pieces of weed. 

The main breeding season of the fishes in the lake is apparently during the 
rains from November to February. In October most of the fishes had undeveloped 
gonads, but a few species, particularly the mormyrids, Labeo, and Synodontis, 
were beginning to breed. 


DESCRIPTION OF THE LOCALITIES IN WHICH THE FISH WERE CAUGHT. 


Open water.—In this paper any part of the lake more than about two hundred 
yards from the shore or the edge of the littoral vegetation is considered as open 
water. Stations 300, 310, and 316 were 300 yards, 14 miles, and 2 miles west of 
the camp at the south-east end of the lake respectively. Gill-nets of 5,4, 3,and 
2-inch mesh were set at the last two of these stations. 

South-east end of the Lake-—The shore of the south-east end of the lake is 
mostly grassy and a band of littoral plants extends into the lake toa depth of about 
a metre. On the east side, by the camp, there is only a narrow strip of land 
between the edge of the lake and the scarp, and the lake shelves relatively steeply, 
so that the littoral region is usually about twenty to fifty yards wide. Tothesouth 
there isa great expanse of plain which is covered with water during the rains, but in 
October it consisted of swamps or sheets of dried mud often covered with soda 
left by the evaporation of the lake. The littoral vegetation in these partsismuch 
more extensive, particularly near the mouths of the Luika and Songwe Rivers. 
Stations 301, 304, 307, 312, 331 were off the Fishery camp, and hauls were made 
with large 5-inch mesh seine nets, which have been described above (p. 635). 
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Stations 302, 303, 305, 330 were at places along the east shore where the vegeta- 
tion was thin or had been cleared, and hauls were made with small seine nets, 
one with a mesh varying from 3 inches in the wings to 1 inch in the bag and another 
with a uniform mesh of #inch. Stations 313, 333, 334, 344 were positions where 
gill-nets were set just outside the littoral plants off the camp in a depth of about 
14 metres. Stations 335 and 340 were at the edge of and among the reeds at 
the mouth of the Luika River. 

West shore—On the west shore there is a small sandy beach between the 
edge of the water and the grassy plain that stretches westwards to the rift 
scarp. The shore slopes very gradually, and about 50 yards out the depth is 
still only about a metre. Small seine nets were used for station 336 and gill- 
nets for stations 338 and 339. There were also a few swampy pools at the edge 
of the lake; station 337. 

Luika River—The Luika runs into the south-east corner of the lake. It 
flows across the plateau from the north-east, falls over the rift scarp about three 
miles east of the camp, and then runs about four miles across the plain into the 
lake. In the wet season the river is continuous, but by October most of it had 
driedup. Onlya fewsmall pools were left in the rocks above the falls ; station 342. 
The falls themselves, which drop about fifty feet, were almost dry, but there was 
a large pool at the foot of the scarp about 50 yards wide, 36 yards across, and 
7 m. deep. From here the river-bed was dry and sandy down to the swampy 
region at the edge of the lake. The water in this pool, the Luika Pool, was 
rather green, and had a pH of 8°6 ; stations 311 and 343. 

Water-hole by village —About 2 miles north-west of the Luika there is another 
small pool at the foot of the scarp also formed by a river which partially dries 
up in the dry season; station 332. 

North Lake.—The west shore of the north lake is extremely shallow and the 
littoral vegetation extends out far into the lake. Below Zimba Mission there 
were large expanses of drying mud with small shallow pools left near the edge 
of the water. Station 320 was about a mile off shore and gill-nets were set in 
a depth of about a metre. Stations 321 and 322 were at the edge of the lake 
below Zimba where shore-collecting was done and gill-nets were set. 

River by Zimba Mission.—A small river runs down the rocky hill at the side 
of the Mission, but disappears underground before it reaches the lake in the dry 
season. ‘The water was clear with a pH of 8-8 and varied in depth from about 
six inches to about a metre in some of the pools. Station 324 was in this river. 


ARRANGEMENT OF DATA FOR EACH SPECIES, 


Taxonomic.—These data are from a study of the preserved specimens that 
were brought back to the British Museum : 

(1) The name of the species is given, together with the author’s name. Where 
a description is not included in Boulenger’s Catalogue (1909-1916), reference is 
made to the paper in which the species is described, The native (Swahili) 


name is also attempted. 
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(2) The specimens in the Zoological Museum, Berlin, and in the British Museum 
that had previously been collected from Lake Rukwa are mentioned. 

(3) The specimens preserved by the present expedition are enumerated, 
together with their lengths, the localities in which they were caught, and the 
station numbers. This is followed by taxonomic details of the specimens. One 
new species is described, four species have been redescribed, and for the rest, 
notes have been made to show where the specimens differ from the descriptions 
(in these cases the relevant part of the description is quoted in brackets for 
comparison). Occasionally the specimens from Lake Rukwa are compared with 
those from other regions in connexion with the geographical distribution of the 
species. 

Ecological.—These data are from notes made in the field. 

(4) Notes are made on the abundance of the fish, the localities in which they 
were caught, and the distribution of the species in the lake. Full descriptions 
of the localities have already been given (pp. 636-7) together with a list of the 
stations at each place and the methods of fishing that were used. 

(5) The results of examinations of the stomach contents are given to show 
what the fish had been eating. 

(6) Examinations of the gonads were also carried out and the sex and develop- 
ment were noted. The stages of development were recorded as follows :— 
undeveloped, quiet, starting, ripening, ripe, and spent. 

(7) The colours of the living fish are described. 

Notes on measurement of length.—In identifying and describing the specimens, 
the length is taken from the tip of the snout to the base of the caudal fin (i.e. 
standard length). Where lengths of specimens are given in figures in the 
taxonomic parts, these are measured in millimetres in two parts: (1) from the end 
of the snout to the base of the caudal fin, and (2) from the base to the tip of the 
caudal fin*. In the ecological parts, however, the field-measurements are 
given, and these were recorded in centimetres as the length from the end of the 
snout to the tip of the caudal fin to the nearest centimetre below the actual length. 
In order to give true values, therefore, 1-0 em. has been added to the upper 
limit wherever a range of lengths is shown. 


MoRMYRIDAE. 

MARCUSENIUS DISCORHYNCHUS (Peters). Ndaka. 

This species had not previously been recorded from Lake Rukwa, but is 
widely distributed over this part of Africa. 

Three specimens were preserved (130-+-25 — 145-++30 mm.) from stations 313 
and 334 at the south-east corner of the lake. These differ slightly from the 
description in the depth of the body, the width of the interorbital, and the 
number of scales, as follows: depth of body 23-34 times in length (instead of 
3-3} times) : eye twice in interorbital width (14 times) : scales 62-64 in lateral 


* A few of the fish in the Berlin Museum have been measured differently, but in each 
case a footnote is added giving details of the measurements, 
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line (65-70). When compared with specimens of the same species from other 
regions, these fish appear to be most like those from Lakes Nyasa and Bang- 
weulu, but differ in being deeper and fatter in the body. They differ also from 
the Tanganyika forms in having a smaller eye and wider interorbital. 

Ecology.—This species does not seem to be very abundant and only five 
specimens (15-19 cm.) were seen. These were all caught in gill-nets set at the 
edge of the littoral vegetation at the south end of the lake in about one metre 
depth of water. 

One stomach was examined and found to be filled with mud. 

Two specimens from 17 to 18 cm. were females with ripening gonads. 

In colour these fish were dark greyish green above, white beneath, and 
slightly yellow under the head. 


GNATHONEMUS MACROLEPIDOTUS (Peters). Ndaka. 

Not previously recorded from Lake Rukwa. 

Four specimens (150+25 — 215-++35 mm.) were preserved from stations 313 
and 333 at the south-east corner of the lake. These differ from the description 
and from the specimens in the British Museum in having a shorter and deeper 
body : depth of body <<3-3? times in length (instead of 3}-4 times). They also 
tend to have a short and deep caudal peduncle, its depth twice into its length 
(2-3 times), and a fairly high number of scales, 62-65 along the lateral line and 
16 round the caudal peduncle (50-69 and 12-16) Worthington (1933 a, p. 296) 
pointed out that specimens from the Luapula River could be distinguished from 
forms from the Zambezi River, the type-area, by their long, slender caudal 
peduncles and the high scale-count along the lateralline. (The rangesinnumber 
of lateral line scales of the British Museum specimens is from 58 to 66 for those 
from N. Rhodesia, Congo System, and 54 to 55 for those from the Kafue River, 
Zambezi System.) He showed, further, that specimens from Lake Nyasa 
were intermediate with regard to these characters, and that the two forms must 
therefore be considered as local geographical races of one widely distributed 
species. The fish from Lake Rukwa also appear to be intermediate in these 
characters and resemble the Zambezi specimens in having a short, deep caudal 
peduncle, and the Luapula specimens in having rather numerous scales along 
the lateral line. 

Ecology—This species is rather more abundant than Marcusenius, but 
only twenty-one specimens were seen. They seem to be restricted to the edge of 
the lake, where they were caught in gill-nets, 18 (17-26 cm.) at the edge of the 
littoral vegetation at the south-east end of the lake (stations 313, 333, and 344) 
and 3 on a sandy beach on the west shore (station 339). 

Examination of 10 stomachs showed that the fish were feeding on the bottom 
mud; two stomachs were empty, and the rest contained mud, sand-grains, 
pieces of weed, debris, and chironomid larvae. 

The gonads of 12 of the smaller specimens were examined and were all 
undeveloped ; 3 of the larger specimens were females with starting or ripening 
ovaries. 


640 MISS C. K. RICARDO ON THE FISHES OF LAKE RUKWA 


In colour these fish were dark greyish green above, white beneath, and 
yellow under the head. 


MorMyYRUS LONGIROSTRIS Peters. T'apondz. 


Not previously recorded from Lake Rukwa. 

Four specimens (190+30 — 300+45 mm.) were preserved from stations 312, 
313, and 333 at the south-east corner of the lake. These are typical except 
that the interorbital width is rather large and the position of the dorsal fin is 
slightly different ; eye 2-2} times in interorbital width (instead of 1} times) 
and dorsal 14-14 times as long as its distance from end of snout (14-1 times). 
Specimens from Lakes Nyasa and Bangweulu also have wide interorbitals. 

Ecology.—This fish was fairly common in the lake and was often caught 
in the big 5-inch mesh seine nets. 26 (29-53 cm.) were caught in gill-nets 
by the littoral vegetation at the south-east end (stations 301, 304, 307, 312, 
313, 333, 334, and 344) and one from a sandy beach on the west shore. 

The examination of eight stomachs showed that this fish also feeds at the 
bottom. All stomachs contained mud and chironomid larvae, and several had 
a few small Crustacea, some phytoplankton, and pieces of weed in addition. 

Two of the larger specimens (38-41 cm.) were females with ripening or ripe 
ovaries, while 19 smaller specimens had undeveloped gonads. 

They were rather pale in colour ; a light grey above and white beneath. 


CHARAOIDAR. 
ALESTES IMBERI Peters. Sandowe. 


Not previously recorded from Lake Rukwa. 

Fourteen specimens were preserved (55-+-18 — 133-++-37 mm.), eight from the 
south-east end of the lake (stations 302, 303, 305, 330, 334), two from the west 
shore (station 336), and four from the Luika Pool (station 343). These fish 
are typical except that the dorsal and pectoral fins are sometimes rather 
long. The specimens from the Luika Pool are longer and thinner in the body 
than those from the lake and the colouring is much darker and more marked 
(depth of body 33-35 times in length for Luika forms and <3-3} times for the 
lake forms). 

Ecology.—Alestes is extremely abundant and was caught in great numbers 
in all the small seine net hauls, both at the south-east end of the lake and on 
the west shore (stations 302, 303, 305, 330, 336, 344). Larger specimens (14— 
19 cm.) were also caught in most of the gill-net stations whether these were set 
near the shore or out in the open water (stations 310, 313, 316, and 334). It was 
also found in great quantities in the Luika Pool (stations 311, 343), but was not 
seen in the Luika River above the falls, nor in the water-hole pool, nor in the 
north lake. 

Examination of four stomachs indicates that this species feeds on the plankton : 
one contained zooplankton, mainly cladocerans ; one zooplankton and pieces 
of weed ; and two smaller ones had remains of zooplankton, 

There are no data about breeding. 
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These fish were bright olive-green on the back, very silvery on the sides 
and underneath, with a large elongated black spot at the base of the caudal. 
Rayed fins were yellow and the adipose fin was black. 


HyDROCYON LINEATUS Bleek. Kachinga. 


Not previously recorded from Lake Rukwa. 

Five specimens preserved (108-32 — 200+60 mm.), four from the south-east 
end of the lake (stations 302, 316,330, 334) and one from the west shore (station 
336), which fit into the description. 

Ecology.—These fish are abundant in the lake, but they tend, particularl 
the bigger ones, to keep some distance from the shore; 38 large specimens 
(42-56 cm.) were caught in gill-nets in the open water, stations 310 and 316. 
Large fish were also frequently caught in hauls with the 5-inch seine, but most 
of these managed to jump clear of the net before it was brought ashore. Smaller 
specimens (13-31 cm.) were caught in small numbers, both in the open water 
and near the shore from the south-east end and west side of the lake, stations 
302, 313, 330, 333, 334, 336, 338, and 339. This fish is also said to be present, 
though rather scarce, in the north lake, but none were seen there. 

The tiger-fish is a ferocious predator ; of the 43 stomachs examined, 36 
were empty and the rest contained remains of fish. In most cases the remains 
were unrecognizable, but in one specimen of 46-5 cm. there was an Alestes of 
10 cm.*, in another of the same size there were four small Tilapia and a Barbus, 
and in another a small Alestes. Most specimens had large numbers of nematode 
worms in the body-cavity near the stomach. 

Examination of the gonads of thirty-five specimens showed that they were 
all undeveloped or quiet, so it appears that the breeding season of this species 
had not begun by October. 

The range of weight of 11 specimens (43-56 cm.) was from about | to 34 Kg. 

In colour the tiger-fish were darkish green above, silvery below, and 
with a series of black stripes running along the sides. The specimens from 
Lake Rukwa are paler than the same species from other waters, the black streaks 
are less distinct, and they do not extend down to the series of scales below the 


lateral line. 


CYPRINIDAE. 


Bariius Moor Boulenger. Szpa fF. 

There are two specimens (68-150 mm.{) from Lake Rukwa in the Berlin 
Museum collected by Fuelleborn. The British Museum had many examples 
from Lake Tanganyika, but none from Lake Rukwa. 

Fifteen specimens were preserved, five (60-+16 — 104+27 mm.) from the west 
shore (station 336), three (69-++17 — 114+26 mm.) from the Luika Pool (stations 


* The stomach of the Alestes was filled with zooplankton. 
+ Any small fish seems to be called by this name. 
{ Measured to median part of caudal fin. 
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311 and 343), and seven (53+15 —59+17 mm.) from the waterhole pool 
(station 332). These fish cannot be separated from specimens of B. moorit 
from Lake Tanganyika. Possibly they show slight differences in having a more 
pointed snout, wider interorbital, and a lower average number of scales than 
the Tanganyika forms. Although Fuelleborn’s specimens differed from the 
original description (Hilgendorf and Pappenheim, 1903, p. 270), both these and 
the new fish from Lake Rukwa are covered by the enlarged description given 
by Worthington and Ricardo (1937, p. 1084) which was based on a long series 
of fish from Lake Tanganyika. 

Ecology.—This species is not at all common in the lake. None were seen at 
any time on the south-east side, nor in the north lake, but several were caught 
in a small seine net on a sandy beach on the west shore (station 336). A few 
were also caught in the Luika Pool below the falls and in the waterhole pool 
(stations 311, 332, and 343). 

The stomachs of five specimens from the lake were examined and were all 
found to contain small fish, mostly Tilapia fry. 

No data about breeding. 

These fish were very silvery with a series of 9 to 12 dark bluish bars across 
the body ; fins pinkish. As in the case of Alestes imberi the specimens from 
the lake were much paler in colour than those from the Luika and the dark 
markings were less distinct. The largest specimen from the Luika Pool was 
bright pink underneath. 


Fie. 2.—Engraulicypris congicus rukwaensis, subsp.n. x 1}. 


ENGRAULICYPRIS CoNGICUS Nichols & Griscom (1917, p. 703). 
RUKWAENSIS, subsp. n. 


No species of Hngraulicypris was previously known from Lake Rukwa. 

Twenty-eight specimens (17-+-4 — 61+19 mm.) were preserved from stations 
300, 302, 321, 330, 335, 336. The species Z. congicus was described by Nichols 
and Griscom from specimens collected in the Congo River system at Poko, 
Upper Ubanghi. Worthington and Ricardo (1937, p. 1085) later identified 
specimens from Lake Tanganyika as this species and enlarged the original 
description to include the new collection. Unfortunately, the types are in 
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America, and there are only three specimens in the British Museum from the 
Congo system, but these have been re-examined and it is again clear that, with 
the material available at present, the forms from Lake Tanganyika cannot be 
separated from those from the Congo. The specimens from Lake Rukwa are 
also practically covered by the enlarged description, but they differ from the 
other forms in certain characters as shown in the table below :— 


Congo. | Lake Tanganyika. | Lake Rukwa. 
oe ake ee eee ee | 44-5. | 44-54. 34-44, 
Snout of lower jaw projecting be-| Snout. | Snout or lower jaw.| Lower jaw. 

yond mouth. | 
Ibysaye dll Orisa! SG oGoGogu oe se ued Gor Short. Short or long Long. 
Longest dorsal ray Tes Tea 2.3 
i ae aiicicheye!.e) 6,8 8) 61018) nnvare Sais 27 Saas 
Pectoral fin extending to ........ Base of pelvic. | To or beyond base | Beyond base 
of pelvic. of pelvic. 

Scales along lateral line .......... 38-42. | 37-42. | 35-39. 
ING, ERTS) cane coupsuoene oo un 11-111, 16—20.| 111, 13-18. 111, 13-16. 
Usual number ......-..6.++++++> | 16-17. 16-17. 14-15. 


It is, therefore, thought best to regard the examples from Lake Rukwa as 
a new subspecies of HZ. congicus, in order to show that they do differ from all forms 
previously known, and that they are much more closely related to the Engrauli- 
cypris in Lake Tanganyika and the Congo than to any of the species found in 
the other lakes or rivers. 

Ecology.—This fish seems to be fairly common in the lake. Specimens 
(3-9 em.) were caught in several of the small seine net hauls at the edge of the 
lake, both at the south-east end and on the sandy beach of the west shore 
(stations 302, 330, 335, 336). Two were caught in a coarse plankton net 
towed horizontally near the surface about 300 yards off-shore (station 300), 
which suggests that these fish also live in the open water, but are too small 
to be caught in most of the nets. One very small specimen was caught in 
a pond net at the edge of the north lake. 

No data about feeding or breeding habits. 

These fish were brilliantly silvery all over. 


BARBUS PAPPENHEIMI Boulenger. 

Barbus jacksoni (non Gimther) Hilgendorf. 

There are three specimens (53-80 mm.”*) in the Berlin Museum from Lake 
Rukwa, collected by Fuelleborn and identified by Hilgendorf and Pappenheim 
(1903, p. 269) as B. jacksont. 

Not represented in the present collection. 


* Measured to median part of caudal fin. 
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BARBUS PALUDINOSUS Peters. 
Barbus vinciguerrai Pfeffer. 

This species was recorded from Lake Rukwa by Hilgendorf and Pappenheim 
(1903, p. 270) under the name of B. vinciguerrai, and there are two specimens 
(48-66 mm.*) in the Berlin Museum collected by Fuelleborn. 

Thirty-one specimens (33-+10 — 88-+-25 mm.) were preserved from localities 
at the south-east end of the lake (station 305), from the north lake (stations 
320, 322), from the west shore (station 336), from the Luika River (stations 311, 
342, 343), and the river by Zimba Mission (station 324). These specimens fit 
the description, except that the heads are rather short, the interorbitals are 
wide, and the dorsal spines are rather long: head 4-44 times in length of body 
(instead of 334 times); interorbital width 24-3 times in length of head 
(24-3 times) ; dorsal spine 1-1} times as long as head (as long as head, or 
rarely a little longer). Examination of specimens in the British Museum from 
East Africa, Lake Nyasa, Lake Bangweulu, and the Luapula system show, 
however, that there is great variation in these characters within the species. 
As in the case of Alestes imberi, the fish from the lake were deeper in the body 
than those from the rivers ; the measurements for the depth of body into the 
length being 32-4 times and 33-44 (generally over 4) times respectively. 

Ecology.—This species seems to be rather rare in the main part of the lake, 
or was not caught by any of our nets, for only two small fish (6-8 cm.) were 
seen in seine net hauls off camp and on the west shore (stations 305 and 336). 
In the north lake, however, it was much more common and specimens (4-12 em.) 
were caught in considerable numbers, both in the open water and near the shore, 
in gill and seine nets (stations 320-322). The species also lived in a river near 
Zimba Mission and in the Luika River, both above and below the falls. 

No data about feeding or breeding habits. 

These fish were dark grey above, silvery beneath, with a long dark stripe 
running down the sides, above the lateral line in anterior part of the body, 
and on the lateral line in the caudal regions ; fins white. As was found for 
Alestes imbert and Bariliws moorii, the forms from the lake were much paler 
in colour than the forms from the rivers. 


BARBUS SALMO Pfeffer. 

Not previously recorded from Lake Rukwa. 

Only a single specimen (634-19 mm.) was seen and this was caught in a rocky 
pool in the river near Zimba Mission, North Lake (station 324). The identifi- 
cation of this specimen has been very difficult. It clearly belongs to the 
group of small Barbus species which includes B. salmo, B. kerstenii Peters, and 
B. luhondo Pappenheim (1914, p. 242), from the Pangani River, the region 
round Kilimanjaro, and the Luhondo See in north-west Ruanda respectively. 
Unfortunately, the types of all these species are in Germany, and though there 
are specimens of each in the British Museum, they none of them, with the 


* Measured to the median part of caudal fin. 
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exception of afew of B. kerstenii, come from their type-localities, and may there- 
fore not be correctly identified. The present specimen differs from the descrip- 
tion of any of these species in certain characters, but I am very loath to describe 
it as new with so little material and without seeing the types of the neighbouring 
species. It seems to come nearest to B. salmo from the Pangani River, but 
differs in having 23 instead of 26 scales along the lateral line. It differs from 
B. kerstenii in having a smaller eye and head, and from B. luhondo in having 
a shorter caudal peduncle. It may be as near to B. luhondo as to B. salmo, 
but the older of the two names has been chosen. 

A description of the specimen from Lake Rukwa is given below in case it 
should be of use when further material from these regions is available. Depth 
of body 34 times in length, length of head just over 4 times. Head 1} times as 
long as broad ; snout round, slightly longer than eye, which is 4 times in length 
of head ; interorbital width 22 times in length of head ; mouth terminal ; lips 
feebly developed ; two barbels on each side, anterior equal to, and posterior 
1} times diameter of eye. Dorsal III 7; equally distant from base of caudal 
and middle of eye; last simple ray very strong, bony, serrated behind, bony 
part 3 length of head. Anal IIT 5. Pectoral 4 length of head, not reaching 


pelvics ; base of pelvic fins slightly in advance of origin of dorsal. Caudal 
Zz 21 between lateral line 
and pelvic, 12 round caudal peduncle. Brown above, pale beneath, a dark 
lateral stripe ; scales often darker at base ; fins grey. 


peduncle 14 times as long as deep. Scales 22-23, 


L/L) LL sa Pk BLA pb a SE 
a — ———— 


- 


Fria. 3.—Barbus luikae, sp.n. X13. 


BARBUS LUIKAE, Sp. 0. 

Seven specimens were collected from the Luika Pool below the falls, one 
(36+11 mm.) from station 311, and six (31-10 - 39-+13 mm.) from station 343. 

Depth of body 33-4 times in length, length of head 33 to just over 4 times. 
Snout rounded, slightly shorter than diameter of eye, which is 3-3} times in 
Jength of head ; interorbital width 22-3 times in length of head ; mouth 
terminal, lips moderately developed ; a single barbel on each side, half diameter 
of eye. Dorsal III 7, equally distant from posterior border of eye and from 
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caudal, border feebly concave or notched ; last simple ray rather strong, bony, 
serrated on upper part only, bony part as long as or a little shorter than length 
of head. Anal III 5, not reaching caudal. Pectoral as long as or a little 
shorter than length of head, reaching or not quite reaching pelvic ; base of 
latter partly in front of dorsal. Caudal peduncle 14-2 times as long as deep. 


Scales radiately striated, 26-29, 3 og , 2-21 between lateral line and pelvic, 
12 round caudal peduncle. Brownish above, pale beneath, base of scales 
mostly dark, a dark lateral streak along body from middle of caudal fin to 
tip of snout ; fins grey. 

This species is nearest to B. trevelyani Giinther from the Buffalo River, 


Cape Colony, but differs in having larger scales. 


BARBUS LINEOMACULATUS Boulenger. 

This species had not previously been recorded from Lake Rukwa. 

Thirty-one specimens were preserved from the Luika River, twenty-nine 
(33-10 — 60+-17 mm.) from the river above the falls, and two (33-10 — 35+ 
11 mm.) from the Pool below the falls (stations 342 and 348 respectively). These 
specimens differ from typical forms in having a longer and thinner body, a 
shorter head, and fewer scales along the lateral line ; depth of body 44} times 
in length (instead of 32-4 times) ; length of head 4}4# times in length (4 times) ; 
scales 28-31 (30-32). It is clear that these fish are also very closely related to 
B. taeniopleura Blgr. from Lake Tanganyika, but differ mainly in having the 
characteristic dark markings of B. lineomaculatus. 


BARBUS INNOCENS Pfeffer. 

There are 217 specimens (13-49 mm.*) from Lake Rukwa in the Berlin 
Museum collected by Fuelleborn. 

Thirty-two specimens were preserved, nineteen (22+8 — 53+9 mm.) from the 
west shore, station 336, three (31 — 564-19 mm.) from the north lake, station 322, 
one (35+10 mm.) from the river by Zimba Mission, station 324, and nine 
from the Luika River, one (35+-10 mm.) from above the falls, station 342, 
and eight (27-+-8 — 35-12 mm.) from the pool below the falls, stations 311 and 
343. There are also nine very small specimens (18+5 — 25+9 mm.) which 
probably belong to this species, but they are too young to be identified with 
certainty. 

These fish from Lake Rukwa appear to be typical except that the forms 
from the lake itself are rather deep in the body and are silvery all over. The 
forms from the rivers, however, are longer and thinner in the body, darker in 
colour, and a few have a dark lateral streak. One specimen (31-++-10 mm.) from 
station 343 has rather short barbels and only 28 scales (instead of 29-33) 
along the lateral line, but in other characters it resembles B. innocens. 


* Probably measured to the median part of the caudal fin. 
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LABEO FUELLEBORNI Hilgendorf & Pappenheim. Kil. 


There is one large (300 mm.) and one very young specimen from Lake Rukwa 
in the Berlin Museum collected by Fuelleborn, but none in the British Museum. 

Three large specimens (240+75 — 330+-90 mm.) were preserved from the 
south-east end of the lake and the west shore (stations 310, 334, 338), and the 
head of a specimen of about 400 mm. from a pool in the river by Zimba Mission. 
(station 324). There are also three small specimens (60+19 — 854-27 mm.) 
from the west shore (station 336) and ten specimens (40-12 — 90-+24 mm.) 
from the Luika River both above and below the falls (stations 342, 343). 

The original fish from Lake Rukwa was described as a subspecies of L. victort- 
anus Blgr., namely, L. victorianus fuelleborni, by Hilgendorf and Pappenheim 
(1903, p. 268). Later, however, Boulenger decided that it should be considered 
as a distinct species. The present specimens also differ markedly from 
L. victorianus and confirm Boulenger’s opinion that the forms from Lake 
Rukwa are distinct from those from Lake Victoria. In order to include these 
specimens it is necessary to enlarge the description of L. fuelleborni, which 
was based on a single specimen, in most characters, and a new description 
is given below. 

Depth of body 34-4 times in length, up to 4} times in young, length of 
head 42-43 times. Head 1}-1} times as long as broad; snout rounded, 
sometimes with small horny warts, its length about 31 that of head; eye 
supero-lateral, almost lateral in young, in middle or slightly posterior to middle 
of head, 53-64 times in length of head ; interorbital width slightly less to 
slightly greater than } length of head ; width of mouth 3 to just over } length 
of head; lips not distinctly fringed on the edge, with small papillae forming 
transverse plicae on inner side ; rostral flap with entire edge; a very small 
barbel hidden under folds of skin. Dorsal I-IV 9-11, usually III 10, equally 
distant from end of snout and from caudal, or rather nearer caudal, upper 
edge almost straight, slightly concave in young, last simple ray longest and 
a little longer than head. Anal III 5, not reaching root of caudal, longest ray 
nearly as long as head. Pectoral about as long as head, not reaching pelvic, 
the first ray of which falls under 5th branched ray of dorsal. Caudal deeply 
forked, outer rays about twice as long as median. Caudal peduncle as long as. 


deep, slightly longer in young. Scales 35-37, usually 36, sca , 4 between 


lateral line and root of pelvic, 16 round caudal peduncle. Dull greyish green 
above, lighter beneath, and sometimes nearly yellow ; small specimens often 
with their fins pink at the tips. 

Ecology.—This species was common on the west shore, but was apparently 
scarce in other parts of the lake. Eleven well-grown specimens (30-43 cm.) 
were seen, and of these nine were caught in gill-nets set off a sandy beach on 
the west coast (stations 338, 339), while only one was taken in the open water, 
and one from near the littoral vegetation on the south-east shore (statons 310 
and 334 respectively). One large specimen was also caught by a native 
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fisherman in a pool in the river by Zimba Mission by the north lake (station 324). 
Small specimens, however, were caught in considerable numbers in a seine 
net, both on the west coast (station 336) and in the Luika River above and below 
the falls (stations 342, 343). 

The stomachs of six fish from the west shore were examined and all 
contained mud and vegetable debris. 

The two largest specimens were females with ripe ovaries and one was running 
with eggs when it was caught. 


AMPHILIIDAE. 

LEPTOGLANIS ROTUNDICEPS (Hilgendorf). 

Not previously recorded from Lake Rukwa. 

A single specimen (26+5 mm.) was caught by a native woman in the Luika 
Pool below the falls (station 311). This fish seems to be similar to the specimens 
(co-types) in the British Museum from the Bubu River at Irangi, collected by 
Professor O. Neumann, but they all differ from the original description in 
certain characters. It appears that the species was described from a single 
specimen among the types in the Berlin Museum and that this description 
needs enlarging to include the rest of the specimens. 


AMPHILIUS PLATYCHIR (Giinther). 

Two specimens (62-+9 — 82+-15 mm.) from Lake Rukwa in the British Museum, 
collected by Mr. F. H. Melland from streams at the north-west corner of the 
north lake. 

Not represented in the present collection. 


SCHILBEIDABE, 

ScHILBE MystTUS (Linnaeus). Matanda. 

There are three specimens (200-230 mm.*) collected by Fuelleborn from 
Lake Rukwa and the Songwe River in the Berlin Museum. 

Six specimens (864-15 — 220+45 mm.) were preserved, three from the south- 
east corner of the lake (stations 302, 303, 305), one from the open water two 
miles off camp (station 316), and two from the west shore (stations 336, 338). 
These specimens are all typical, but are very pale in colour. 

Ecology.—This species was abundant in the lake, both out in the open water 
and close to the shore. Altogether 116 specimens were seen and 69 (19- 
31 cm.) of these were caught in gill-nets set 14 miles and 2 miles from the 
shore (stations 310 and 316 respectively). Large numbers (10-33 cm.) were 
caught near the shore at the south end of the lake, both in gill-nets set at the 
edge of the littoral vegetation and in a small seine net (stations 302, 303, 305, 
313, 333, 334, and 344). Only four specimens were caught on the west shore 
(stations 336, 338, and 339) and none were seen in the north lake. 


* Measured to the median part of caudal fin (?). 
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Thirty-five stomachs were examined ; 25 were empty, 9 contained remains 
of unrecognizable small fish, and one small specimen from among the reeds 
had been feeding on insect larvae. There were large numbers of nematode 
worms in the body-cavity of most of these fish. 

The gonads of many specimens were examined ; only one was developing 
and the rest were all undeveloped or quiet. 

These fish were a pale silvery grey in colour. 


CLARIIDAE. 
CLARIAS MOSSAMBICUS Peters. Kambali. 


Ten specimens (340-430 mm.) collected from Lake Rukwa by Fuelleborn 
in the Berlin Museum. One specimen in the British Museum collected by 
Melland from a stream at the north-west corner of the N. Lake, which was 
previously identified as C. gariepinus (Burchell). 

Four specimens (240+38 — 360+55 mm.) were preserved from the south- 
east end of the lake and the west shore (stations 305, 316, 333, and 338). These 
fish fit into the description except that the nasal and maxillary barbels are 
rather long, as shown below : nasal barbel 2—* length of head (instead of 4-2) ; 
maxillary barbel 3-1} times length of head (} to once). 

Ecology.—This species of Clarias is abundant all over the lake and north 
lake, both near the shore and out in the open water. It was caught in large 
numbers in the big seine net, often twenty to thirty in a single haul, and 
these ranged in length from about 60 to 110 cm. It is said to grow, 
however, to 150 cm., and to weigh up to 45 Kg. Thirty-seven specimens (41— 
68 cm.) were caught in gill-nets, 12 from the open water (stations 310, 316), 
9 from the edge of the littoral vegetation at the south-east end of the lake 
(stations 333, 334, 344), 11 from the west shore (stations 338, 339), and 5 from 
the north lake (station 320). Two small specimens (30-36 cm.) were also 
caught in a small seine net, one at the south end of the lake and one in the north 
lake below Zimba Mission (stations 305 and 322 respectively). 

About fifteen stomachs were examined ; most of these were empty, but three 
contained remains of fish, and one was filled with mud. 

The gonads of many specimens were examined, but all were undeveloped or 
quiet, except one female which had a developing ovary. 

In colour these fish are greyish green above, often mottled, and white below. 

Many were covered with argulid parasites, namely, Argulus africans (Thiele). 


CLARIAS HILGENDORFI Boulenger (1911, p. 54). 

There is a single type-specimen (117+13 mm.) from Lake Rukwa in the 
British Museum, collected by Melland from a stream at the north-west corner 
of the north lake. There are also sixteen specimens from Lake Tanganyika. 

The present collection contains only a single small fish (92+13 mm.) from 
a swampy pool at the edge of the west shore of the lake (station 337). This 
specimen cannot be distinguished from the type and fits into the enlarged 
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description of the species given by Worthington and Ricardo (1937, p. 1099), 
except that it is rather shorter, deeper, and broader in the body; depth of 
body 6} times in length (instead of 63-7 times). 


MocHOCHIDAE. 
SYNODONTIS ZAMBESENSIS Peters. Konge or Ngonje. 


There are nine specimens (125-147 mm.*) in the Berlin Museum from Lake 
Rukwa, collected by Fuelleborn, three from the lake itself, and six from the 
Songwe River. None from the lake in the British Museum. 

Six specimens were preserved (145+42 — 185--55 mm.) from the south-east 
shore of the lake, the open water, and the north lake (stations 310, 313, 316, 
and 320). Hilgendorf and Pappenheim (1903, p. 266) first identified the fish 
from Lake Rukwa as a subspecies of S. zambesensis, namely, S. zambesensis 
rukwaensis, because they differed in certain characters from Peters’s original 
description of the species. This description was based on types from the Zambezi 
River, but it was later enlarged by Boulenger to include specimens from 
Lake Nyasa and East Africa. The new description covered also the specimens 
from Lake Rukwa, so he abolished the subspecies S. z. rukwaensis. The 
present fish also differ from the types in some respects, but they cannot be 
distinguished from specimens of S. zambesensis from other regions. 

Ecology.—This fish was fairly common both near the shores and out in the 
open water, but the largest hauls were taken just outside the littoral vegetation 
near the camp at the south-east end of the lake. Altogether forty-nine fish 
(15-25 cm.) were caught in gill-nets, 14 from nets set about 14 and 2 miles off 
shore (stations 310, 316), 32 from near the camp (stations 313, 333, 344), one 
from the west shore (station 339), and one from the north lake about a mile 
off the shore below Zimba (station 320). 

Five stomachs were examined ; one fish from the open water had nothing 
in its stomach, while the rest, which were caught near the weeds at the edge 
of the lake, had been feeding on pieces of weed, filamentous green algae, 
diatoms, a few chironomid larvae, small crustaceans, rotifers, and mud 
particles. 

The gonads of fifteen fish were examined ; ten of the larger specimens were 
females with developing or ripe ovaries and the rest were not breeding. 

These fish were a pale greyish green above and white beneath. 


SYNODONTIS FUELLEBORNI Hilgendorf & Pappenheim. 


There are two specimens (78+-115 mm.*) from Lake Rukwa in the Berlin 
Museum collected by Fuelleborn. 


Three specimens (115-++34 — 140+-40 mm.) were preserved from near the shore 
at the south-east end of the lake (station 313). These fish apparently belong 


* Measured to the base of the caudal fin. 
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to the endemic species S. fuelleborni, but Hilgendorf and Pappenheim’s descrip- 
tion (1903, p. 265) was based on a single specimen, and a new description has 
had to be made to include the present specimens. Depth of body 33-4 times 
in length, length of head 34 to just over 4 times. Head about as long as broad, 
granulate above ; snout obtusely conical, as long as to 1} times as long as post- 
ocular part of head ; eye supero-lateral, 44-5 times in length of head, 2-24 times 
in interorbital width ; lips moderately developed ; praemaxillary teeth forming 
a short and broad band ; movable mandibular teeth less than half diameter of 
eye, 45-55 in number. Maxillary barbel with distinct marginal membrane at base, 
12-12 times length of head, reaching to between posterior quarter and tip of 
pectoral spine ; outer mandibular barbel with slender, simple branches, reaching 
to beyond base of pectoral, 14-1} times as long as inner barbel, which bears 
short, thick, and feebly-ramified branches. Gill-opening not extending down- 
wards beyond root of pectoral spine. Occipito-nuchal shield tectiform, with 
obtuse or pointed posterior processes. Humeral process triangular, keeled, 
not extending quite as far back as occipito-nuchal process. Dorsal 17 ; spine 
slightly shorter to slightly longer than head, smooth in front, serrated behind. 
Adipose dorsal 34-4 times as long as its distance from rayed dorsal (about 
twice in type). Anal IV 7-8. Pectoral spine as long as or a little shorter 
than head, not reaching pelvic, strongly serrated on outer border, very strongly 
on inner. Pelvic not reaching anal. Caudal deeply forked. Caudal peduncle 
about as long as deep, or slightly deeper than long. Dark yellowish green, 
mottled or marbled with bright yellow ; fins grey with dark spots, arranged 
rather irregularly in transverse series. 

It is clear from this description that the species S. fuelleborni is extremely 
closely related to S. afro-fischeri Hilgendorf from Lake Victoria. Further, 
it is almost impossible to separate the new specimens from Lake Rukwa from 
those in the British Museum from Lake Victoria, but there appear to be slight 
differences as follows : in the specimens from Lake Rukwa :— 


(1) the eye is often slightly smaller than in the fish from Lake Victoria ; 

(2) the maxillary barbel is longer and extends a little further down the body ; 
(3) the posterior processes of the occipito-nuchal shield are less pointed ; 

(4) the humeral processes are shorter and less acutely pointed ; 
(5) 


5) the pectoral spines are possibly slightly shorter. 


Most of these characters, however, appear to be rather variable, especially the 
shape of the occipito-nuchal shield and humeral process. Unfortunately, the 
types of both species are in Berlin and have not been examined. It seems 
best, therefore, to keep the specimens from Lake Rukwa separate under the 
name of S. fuelleborni and to point out that they are extremely closely related 
to specimens of S. afro-fischert from Lake Victoria and that eventually the 
two species may have to be considered as variations of one more widely 


distributed form. 
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Ecology.—Only five specimens (14-19 cm.) were seen and they were all 
caught in a gill-net set at the edge of the littoral vegetation near the camp 
(station 313). 

Two of these fish were females with ripe ovaries. 


SYNODONTIS sp. ? 

There are four small specimens from the Luika River, but they are too young 
to be identified with certainty. Three (51-+15 —-62+19 mm.) came from above 
the falls and one (39-++11 mm.) from the Luika Pool (stations 343 and 311 
respectively). They have a maxillary barbel only slightly longer than the 
head, 12-20 movable mandibular teeth, and in colour they are pale grey, 
with darker grey spots, two light bands across the body behind the dorsal fin 
and spotted caudal and adipose fins. 

Fuelleborn also collected four small Synodontis with 14-20 movable mandi- 
bular teeth. 


CYPRINODONTIDAE. 


APLOCHEILICHTHYS JOHNSTON! (Giinther). 
Haplochilus atripinna Pfeffer. 
There are 38 specimens (15-28 mm.) in the Berlin Museum from Lake Rukwa 
collected by Fuelleborn. 
Not represented in the present collection. 


CICHLIDAE. 


TILAPIA RUKWAENSIS Hilgendorf & Pappenheim. Ngege or Sasala in North 
Lake. 


There are 71 specimens (12-260 mm.) in the Berlin Museum from Lake 
Rukwa collected by Fuelleborn, representing the types of the species. 

One hundred and forty-eight specimens were preserved. Among these 
were thirteen well-grown fish (120-310 mm.) : six (250-300 mm.) were from the 
large seine-net hauls (station 331); two (180-210 mm.) were from just out- 
side the reeds at the south-east end of the lake (stations 333 and 334); one 
(310 mm.) from the swamp at the mouth of the Luika River (station 340) ; 
two (135-240 mm.) from the north lake (station 320) ; and two (120-130 mm.) 
from the river by Zimba Mission (station 324). There are also one hundred and 
thirty-five small specimens (12-120 mm.): twenty-nine from the south-east 
end of the lake (stations 302, 303, 305, 307, 312, and 330) ; seventy-six from 
the edge of the north lake below Zimba Mission (stations 320, 321, 322) ; 
nine from the sandy beach on the west shore (stations 336, 337) ; and twenty- 
one from the Luika Pool below the falls (stations 311, 343). 

A description of the thirteen largest specimens is given, in order to bring 
this species into line with the new descriptions of other species of Tilapia. 
Depth of body 14-2} times in length, length of head 23-31 times. Eye 33-42 
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times in length of head, praecorbital just over 4-5 times, interorbital width 
21-3 times, lower jaw 3-3} times. Upper profile of snout fairly steep ; jaws 
equal in length anteriorly ; maxillary not extending to below eye. Teeth 
slender, in 2-6 rows, outer biscuspid, inner tricuspid, about 70 in outer series 
of upper jaw; 19-20 gill-rakers on lower part of anterior arch (one specimen 
with 21). Lower pharyngeal teeth fine and densely crowded, dentigerous 
area with broad lateral lobes. Dorsal XVI 12-13. Anal III 10-11. Pectoral 
extending to or not quite to the vertical of origin of anal. 29-32 scales in a longi- 
tudinal series, 4-44 from lateral line to origin of dorsal, 2 or occasionally 3 series on 
cheek. Caudal truncate, or very slightly emarginate in young forms. Caudal 
peduncle 1-1} timesas long as deep. Grey above shading to white beneath ; a dark 
opercular spot ; 6-8 dark vertical bars across body, very faint in adults and 
clearly marked in young specimens ; some adults with light spots on the dorsal 
fin, while very young fish have a dark spot on the dorsal. Males are darker 
in colour than females and when breeding the males become dark grey or 
occasionally nearly black, the sides of the head are a brilliant iridescent blue- 
green and the dorsal and caudal fins are orange at the tips. Genital papillus 
in male up to 5 cm. in length. The lips are often much enlarged. Smaller 
specimens (12-120 mm.) have a rather shallower body and larger eye than the 
adult fish. 

The Tilapia in Lake Rukwa resemble 7’. nilotoca (Linn.) very closely and were 
originally regarded as a subspecies (7. nilotica rukwaensis) by Hilgendorf and 
Pappenheim (1903, p. 260). They noted, however, that these fish differed from 
typical 7’. nilotica in having a deeper and more compressed body and a thinner 
head. The new specimens show also that the lower pharyngeal teeth are smaller 
and more numerous, and the dentigerous area is broader, so that the subspecies 
has been abolished and the fish from Lake Rukwa are considered as a distinct 
species, namely, T. rukwaensis. This species can be distinguished from 
T. galilaea (Artedi) by its longer caudal peduncle, smaller mouth, fewer scales 
on the cheek, and longer pectoral fins. It differs from 7’. macrochir Boulenger 
in having a less steep profile, rather fewer gill-rakers, longer pectoral fins, and 
no spots or streaks. 

Ecology.—This is the most important fish in the lake from the economic 
point of view, as it is good to eat, easy to catch, and extremely abundant. 
‘An idea of the numbers has already been given in this paper (pp. 634-5) where 
the methods of fishing are described. T'tlapia were also caught by the present 
expedition at practically every station where gill or seine nets were used, 
including 27 from the south-east end of the lake, 72 from the open water, 
10 from the north lake, 5 from the west shore, 2 from the river by Zimba Mission, 
and several from the Luika Pool. Young fish and fry were abundant along the 
edges of both the main and north lakes and in the Luika Pool. oes . 

Many stomachs were examined, and these showed that Tilapia is mainly 
a microphagous feeder, as they all contained algae, remains of zooplankton, 
rotifers, mud, and small pieces of weed. 
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A great many of the specimens had nematodes living in the body-cavity just 
behind the gill-chamber. 

Only a few fish were breeding when we were on the lake in October, so that 
very little direct information about breeding habits was forthcoming. The 
gonads of about thirty fish (25-37 cm. in length and 300-850 gm. in weight) 
were examined, but practically all were quiet, with the exception of four females 
(28-32 cm.) with ripening ovaries and one male (31-5 cm.) with its gonad spent. 
We were told, however, that the main breeding season occurs during the 
rains from the end of November till February. During these months the fish 
come in close to the shore where they probably build their nests and spawn 
in the shallow water, as do many of the Tilapia in other regions. Females are 
considerably more numerous than males. 

It was interesting to find that the two small specimens of only 12-14 cm. from 
the river by Zimba Mission were preparing to breed. One had the brilliant 
colouring of a breeding male and the other had a ripening ovary. In every 
character, apart from size, these fish were identical with the lake forms and it 
seems that they must be a dwarfed variety living in the river which become 
mature at about half the usual length. 


HAPLOCHROMIS BLOYETI (Sauvage). 

There are three small specimens (21-43 mm.) from Lake Rukwa in the 
Berlin Museum, collected by Fuelleborn, and these are the types of Tilapia 
fuelleborni Hilgendorf and Pappenheim (1903, p. 262), which is now considered 
to be a Haplochromis. 

Only five specimens were seen, one of these (a ripe male of 70 mm.) was caught 
in the water-hole near the village, and four (15-65 mm.) in the Luika Pool 
below the falls (stations 332 and 343 respectively). The description of the 
three largest specimens (65-70 mm.) is given below. Depth of body 24 to nearly 
3 times in length, length of head 2?-2% times. Eye 3-3} times in length of 
head, depth of praeorbital 53-6 times, interorbital width 33-44 times, prae- 
maxillary pedicel 33-33 times, lower jaw 2}-2$ times; lower jaw projecting 
very slightly. Teeth in three series, unequally bicuspid to conical in outer 
series of upper jaw ; pharyngeal teeth simple and pointed, 8 in middle longi- 
tudinal series. 8 gill-rakers on lower part of anterior arch. Dorsal XITV-XV 
9-10. Anal IIT 8-9. Pectoral does not reach vertical of origin of anal. Caudal 
slightly rounded. Caudal peduncle as long as or a little longer than deep. 
30 scales in longitudinal series, 2-3 on cheek, 4-5 between lateral line and origin 
of dorsal fin. Ocelli on anal fin. A dark opercular spot; two longitudinal 
dark bands above and below the lateral line ; vertical stripes across body and 
a vertical line from the front of the eye across the cheek. 

The description of these fish is similar to that of H. bloyeti from the Lake 
Manyara system, Kandoa, and Mbusini. Unfortunately, the types of H. fuelle- 
bornt are in Berlin and have not been examined, but it seems probable that 
this species is identical with H. bloyeti. 
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Other fish said to be in the lake. 

We were told that, in addition to the species recorded above, there are two 
other kinds of fish in the lake, a ‘ black fish ’ and a ‘ yellow fish ’. Unfortunately, 
though we tried hard to find them, we did not see either of these, and they are 
said to be very scarce. The ‘ black fish ’ is apparently similar to the Tilapia, 
but is much darker in colour and deeper in the body. It seems possible that this 
may prove to be a breeding male of 7’. rukwaensis, as these may sometimes be 
almost black in colour. The ‘ yellow fish ’ is said to be rather like the ‘ yellow 
belly ’, Paratilapia microlepis (Boulenger), of Lake Tanganyika. 


Masoxo CRATER LAKE, NEAR TUKUYU, TANGANYIKA TERRITORY. 


Two small species of Cichlidae were caught at Masoko in a small and com- 
pletely isolated crater lake, about 20 miles north-west of Lake Nyasa. 


TILAPIA SQUAMIPINNIS (Giinther). 


The types of this species are from Lake Nyasa and the Upper Shiré River. 

Four young specimens (45-75 mm.) were preserved, and these are typical 
except that in three of them there are XV spines in the dorsal fin (instead of 
XVI as in the description). 


HAPLOCHROMIS CALLIPTERUS (Giinther). 

The types are from Lake Nyasa, but the species also occurs in the Zambezi 
System. 

Eleven specimens (48-85 mm.) were preserved from Masoko. These fish 
seem to differ from specimens from Lake Nyasa in having rather shorter, 
blunter heads and slightly larger mouths. 


SUMMARY. 


Introduction —The aim of this work was to make a taxonomic and ecological 
study of the fishes of Lake Rukwa and to bring the results into line with similar 
work in other parts of Africa. 

Exploration of Lake Rukwa.—Since its discovery in 1880 by Joseph Thomson, 
the geography and geology of Lake Rukwa have been studied, but very little 
was known of its biology. Fish-collections were made in 1899 by Dr. Fuelleborn 
(12 species), in 1910 by Mr. Melland (3 species), and by the present expedition 
(21 species). An economic fishery was started on the lake in 1935. 

Physical geography.—Lake Rukwa is a very shallow, isolated lake lying 
in the West Rift Valley. The main affluents are the Sira, Momba, and Kawu 
Rivers, and the headwaters of these are only narrowly separated from parts 
of the Congo, Zambezi, and East African drainage systems. There is great 
variation in the level of the water, and in the past the lake must have been 
much larger than at present and probably had an outlet into Lake Tanganyika. 

The fish fawna.—The twenty-four species of fishes known from Lake Rukwa 
are listed, together with their distribution in other parts of Africa. Only four 
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species and a subspecies are endemic, suggesting a relatively short period of 
isolation. The remaining species must have come from neighbouring drainage 
systems, including three or possibly four from Lake Tanganyika, one from the 
Zambezi system, three from the East African Rivers, and eleven that are wide- 
spread in their distribution. 

Description of the conditions in the lake-—The water of Lake Rukwa is 
extremely thick and alkaline, and the depth, vegetation, and shore-line are so 
uniform over the whole lake that it is impossible to distinguish a variety of 
ecological niches. Plant-life seems to be scarce, but the fauna is abundant in 
individuals, though rather poor in species. 

Ecology of the fish—Though most of the fish occur all over the lake, certain 
species seem to be more abundant in the open water, and others tend to stay 
near the shores. Stomach-examinations showed that there are three important 
predators, while the others were mostly feeding on plankton, insect larvae, 
algae, and water weeds. Practically none of the fish had begun to breed by 
October. 

A brief description is given of the localities in which the fish were caught, 
together with notes on the methods of capture and the station numbers, 
while the rest of the paper contains detailed taxonomic and ecological notes 
for each species. 
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Luminous organs in lizards. 
By H. W. Parker, M.A., F.LS. 


(PLATE 22) 
[Read 26 October 1939] 


In March 1937 Mr. Ivan Sanderson, during his collecting expedition to the 
West Indies, visited Mount Aripo in Trinidad. There, amongst other things, 
he collected a series of eight specimens of the Teiid lizard Proctoporus (Oreo- 
saurus) shrevet Parker, a species known previously only from the types, one 
of which was a female and the other a juvenile. The species is small and 
cryptozoic and appears to be confined to the higher parts of Mt. Aripo. The 
new material naturally adds to our knowledge of the variation of the lizard 
and also reveals it to be oviparous. The eggs are of the normal saurian type, 
with soft parchment-like shells, and are laid in pairs adherent to one another. 
A full-time foetus measures 20 mm. from snout to vent. 

But the feature of the greatest interest is the secondary sex character 
of the male. As will be seen from the photograph (PI. 22, fig. 1) this sex possesses 
a series of large, black, lateral spots, nine on each side, in the centre of each 
of which is a small glistening white dot. Lateral ocellar spots are by no means 
uncommon features in the sauria, but the peculiar translucent appearance 
of the white spot attracted the author’s notice and led to a closer examination. 
The apparent white colour was found to be due to transparency and not to 
pigment, so that each ocellus is a small black-edged window. Dissection 
revealed no unusual structures associated with or underlying the spots, but 
serial sections showed clearly that the scales on which the white spots are 
situated have a different structure from those found elsewhere on the body. 
Fig. 3 (Pl. 22) is a photomicrograph of a section through the centre of an ocellus, 
showing normal scales to the right and left, and the transparent scale in the 
middle ; fig. 4 (Pl. 22) shows the latter more highly magnified. 

In the pigmented region of the ocellus, as elsewhere on the body, the skin 
is of the normal saurian type with an epidermis of moderate thickness (V.Z. here 
approximately 18 1) overlying the corium. The latter consists of two layers, 
the outermost being the chromatophore layer (MEL.) which is from 10-18 p 
in thickness ; beneath this lies a thick belt of fibrous tissue (F.C.) which is in 
close contact with the subcutaneous muscles (Mm.). 

The centre of the ocellus is obviously markedly different. There is no appa- 
rent change in the fibrous layer or the underlying muscles, but the epidermis 
is reduced to less than half its normal thickness (circa 8 2), there is no chromato- 
phore layer and between the basement layer of the epidermis and the fibrous 
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layer of the corium is a thick layer of spongy mesenchymatous tissue (L.0.). 
The material available for examination was not intended for histological work, 
so that its preservation is not entirely suitable for that purpose. So far as can 
be ascertained, this tissue in the middle of the ocellus consists of a spougy mass 
of cells without any marked characteristics but with large spaces, some of which 
can easily be seen in the photograph. Whether these spaces are inter- or intra- 
cellular is not obvious, but it seems possible that they may have contained 
some substance which has been dissolved out by the preservatives. Capillary 
blood-vessels (CAP) can be traced, especially in proximity to the fibrous zone, 
but they are not more numerous than in other areas of the skin. 

It is consequently clear that the centres of the ocelli are more than mere 
ornamentations. The histology of the area gives no direct clue to its possible 
function, though the absence of special nerve endings or an increased blood- 
supply precludes the probability of any connexion with the sensory or circulatory 
systems. But the presence of very dense melanin surrounding the organ, 
and the fact that the latter is transparent, suggest the possibility of some 
connexion with light. The absence of nerve-endings eliminates the possi- 
bility of its being a light-perceptor, but there remains the possibility of its 
being a light-emitter. 

These conclusions had been reached before Mr. Sanderson reached home 
with his field-notes, and it was a matter of some satisfaction to find that he was 
able to confirm the supposition. His brief note on the appearance of the male 
includes the following remark: ‘ Flanks from ear to groin dark brown with 
on neck four, and on flanks five, black spots each containing a small, vivid 
white, sometimes luminous bead.’ In conversation he informed me that the 
animal was kept alive in captivity and could be stimulated to emit light from 
the lateral spots ; the light was of a pale greenish hue, similar to that produced 
by the hands and figures of a luminous watch. Excitement produced by 
flashing an intermittent beam of light on the lizard was found to be a very 
effective stimulus to light production. Unfortunately Mr. Sanderson’s absence 
on another expedition prevents me from being able to reproduce his actual 
observations in full, but it is understood that they are being given in his latest 
book, which is at present in the press. 

So far as the author is aware this is the first occasion on which light-producing 
organs have been reported in any terrestrial vertebrate. Similar organs may 
be expected to occur in allied members of the family Teiidae, where super- 
ficially similar ocelli are very common ; ocelli structurally similar are found 
in Oreosaurus laevis Boulenger. In Proctoporus shrever it may be assumed 
that, being secondary sex-characters, they are indirectly connected with re- 
production, but we are still without a clue as to the manner in which the light 
is produced. Obviously the organ, lacking any apparent nerve-supply and 
having no complex lenses or reflectors, is of a very simple type. If the light is 
generated in the usual way, by the decomposition of a special secretion, the 


absence of any duct connecting with the exterior would indicate that the organ 
48* 
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is of the ‘ intracellular ’ type found in a great many fishes, where the secretion, 
luciferin, is decomposed within the organ itself. But its very simplicity 
suggests another possibility—that it does not actually generate light itself, 
but functions in the same way as a luminous paint, where some substance, such 
as the impure sulphides of calcium, barium, strontium, etc., appears luminous 
after exposure to light. A third possibility also exists, and one which seems 
to have a high degree of probability—namely, that the ocelli are reflectors 
similar to those found in certain nestling birds. A full account of these * Re- 
flection Pearls’ in Erythrura psittacea (Gmelin) has been given by Sarasin *, 
and there is a good deal of similarity between the two organs. In the bird the 
‘pearl’ is surrounded at its base by a ring of black pigment, the epidermis is 
thin and transparent and underlain by a thick pad of special light-reflecting 
tissue which corresponds in position with the spongy tissue (LO) found in the 
lizard. 

Whatever may be the explanation, there is obviously a field for much further 
work, in which living material and specimens fixed especially for histological 
investigation will be required. The author regrets that the present work is 
necessarily so cursory ; it would have been even more so had it not been for 
the assistance of Dr. de Beer and several of his colleagues ; so, to them and 
to Mr. F. J. Pittock, who is responsible for the photomicrograph, grateful 
acknowledgments are tendered. 


EXPLANATION OF PLATE 22. 
Fig. 1. Proctoporus (Oreosaurus) shrevei Parker, g. One ocellus removed for examination. 
Fig. 2. Ditto, 9. 
Fig. 3. Sagittal section through the centre of an ocellus. x 110. 
Fig. 4. Ditto. 185. 


Abbreviations.—CAP, capillary blood-vessel ; F.C., fibrous layer of corium ; Z.O., luminous 
organ; MEL., chromatophores containing melanin; Mm., muscle; N.H., normal 
epidermis ; 7'.#., thin epidermis. 


* Sarasin, 1913, ‘Nova Caledonia’, A, Zool. i. p. 44. 
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[Synonyms are printed in italics. A star * denotes the first publication of 
a name; a dagger + denotes a fossil. The absence of an authority is due 


to its omission by the author. ] 


Abra tenuis, 409. 

Acanthanura, 373, 374, 381. 

— dawydoffi, Denis, 381. 

— dendyi Borner, 375. 

Acartia bifilosa (Giesbrecht), 408, 412, 424. 

Achorutes Z'empl., 373, 374, 381. 

Acmaea virginea, 185, 262. 

Acocypris Vavra, 20. 

— capillata Vdavra, 20. 

— hyalina Lowndes, 3, 4, 20. 

— uegitia Masi, 20. 

Acrididae collected by Captain F. King- 
don Ward in Tibet in 1935 (Uvarov), 
279-282; — from South-Eastern Tibet 
(Uvarov), 561-574. 

Acropora, 462, 465, 467, 469. 

— cytherea, 469. 

— formosa, 469. 

— hyacinthus, 463, 470. 

Actinia equina Linn., 185, 224, 251, 253, 
261, 264, 269, 408, 437. 

Aedes, 408. 

— argenteus, 433. 

— detritus Edw., 408, 415. 

Aepyceros melampus (Lichtenstein) f, 71, 
78, 84. 

Aeropus sibiricus tibetanus Uv., 561, 564. 

Aetheria elliptica ft, 103. 

African mammals.—The humerus and 
femur of certain East African ante- 
lopes (Hopwood), 71-92; The sub- 
species of the Black Rhinoceros, 
Diceros bicornis (Linn.), defined by 
the proportions of the skull(Hopwood), 
447-457. 

Afrocyclops gibson Sars, 16. 

Alalomantis, 553. 

Alaria esculenta Lyngb., 184, 185, 205, 206, 
207, 208, 209, 261, 262, 264, 266, 268. 

Alcelaphus cokei (Giinther) f, 71, 72, 80. 

Alderia modesta, 418. 


Alestes, 636. 

— imberi Peters, 631, 640, 642, 644. 

Allotria Westw., 598. 

Alonella punctata (Daday), 2, 4, 49. 

Ameles arabica Uvarov *, 551. 

— heldreichi Brunner, 551. 

Amphilius platychir (Giinther), 631, 
648. 

Amphiroa dilatata Lamour., 534. 

— ephedraea (Lamk.) Decne., 534. 

Amphitrite, 417. 

Anchistioides, 332, 334, 336, 338-43. 

— antiguensis (Schmitt), 325, 326, 344. 

Angitia coleophorarum Ratz., 597. 

— curvicauda Holm., 597. 

— vestigialis Ratz., 577, 580, 597, 598, 603, 
609, 621. 

Anguilla vulgaris Turton, 409, 417. 

Anoetus sp., 620. 

Anomalina sp., 408. 

Anomalon variegatum Jur., 597, 

Anomia ephippium Linn., 185, 223, 224, 
229, 258, 259, 262, 265, 268. 

Anoura Nic., 373, 374. 

— dendyi Lubbock, 373, 374, 375, 381. 

— spinosa Lubbock, 373, 374, 377, 381. 

— tasmaniae Lubbock, 373, 374, 381. 

Anthocidaris, 425. 

Anuraea aculeata Hhrb., 39, 48, 53. 

Anurida maritima, mentd., 495. 

Aphanocapsa, 48, 63. 

— grevillei (Hass.), 53. 

Aphanothece, 48. 

Apion minimum Herbst., 619. 

Aplocheilichthys johnstonii (Gunther), 632, 
633, 652. 

Aplysia, 425-6. 

Arabian Orthoptera, Studies in the 
(Uvarov), 547-559. 

Arbacia, 425. 

Arenicola, 411, 427, 429. 
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Arenicola marina Linn., 408, 411, 429. 

Argulus africans (Thiele), 649. 

Arthrocardia linearis Manza, 534. 

— Stephensonii Manza, 534. 

Ascophyllum, 188, 509. 

— nodosum, 261. 

Asterias rubens, 431. 

Attalia philbyi Uvarov, 555. 

Aurelia aurita (Linn.), 408, 410. 

— flavidula, 430. 

Australia, additions to the Trombidiid and 
Erythraeid Acarine Fauna of 
(Womersley), 107-121. 


Baccalaureus, 347, 348, 349, 352, 355, 358, 
360, 362, 369, 370. 

— argalicornis Brattstrém, 347, 349, 350, 
352, 359, 366, 370. 

—hexapus Pyefinch, 347-9, 352-3, 355, 
357, 359-62, 365-6, 368-71. 

— japonicus Broch, 347, 349, 352, 355, 
366, 370, 371. 

—maldivensis Pyefinch, 347, 349, 352, 
355, 359, 366, 370, 371. 

— torrensis *, sp. n., The anatomy of 
(Pyefinch), 347-371. 

Baker, J. R., & Baker, Z., The seasons in 
a tropical rain-forest (New Hebrides). 
—Pt. 3.  Fruit-bats (Pteropidae), 
123-141. 

Baker, J. R., & Bird, T. K., the seasons in 
a tropical rain-forest (New Hebrides). 
—Pt. 4. Insectivorous bats (Vesper- 
tilionidae and Rhinolophidae), 143- 
161. 

Balanobius crux F’., 619. 

—salicivorus Payk., 577, 615, 618, 619, 
621. 

Balanus algicola, 496. 

— amphitrite, 496. 

—balanoides Linn., 185, 193, 230, 238, 
239, 240, 242, 245, 247, 256, 257, 
261, 262, 264, 267, 268. 

— crenatus Brug., 185, 237, 238, 262, 269. 

—perforatus Brug., 182, 184, 185, 223, 
229, 230, 231, 234, 235, 246, 257, 258, 
261, 265, 266, 268. 

Balfour-Browne, J., Scientific results of 
the Cambridge Expedition to the 
East African Lakes 1930—-1.—No. 19. 
Coleoptera of the families Dytiscidae 
and Gyrinidae, 475-485 d. 


Balfour-Browne, W. A. F., Communica- 
tion by (Balfour-Browne), 475. 

Barbastella barbastellus, 144, 149. 

Barbus, 636. 

— innocens Pfeffer, 631, 646. 

— jacksoni Hilgendorf, 643. 

— kerstenii Peters, 644. 

— lineomaculatus Boulenger, 631, 646. 

— luhondo Pappenheim, 644. 

— luikae Ricardo *, 631, 645. 

— paludinosus Peters, 631, 644. 

— pappenheimi Boulenger, 631, 643. 

— salmo Pfeffer, 631, 644. 

— taeniopleura Bigr., 646. 

— trevelyani Giinther, 646. 

— vinciguerrat Pfeffer, 644. 

Barilius, 636. 

—moorii Boulenger, 631, 632, 641, 644. 

Bathochordaeus charon Chun, 283, 285-90, 
292, 294-6, 302. 

——  f. lohmanni, 287, 295, 296, 298, 
302. 

— stygius Garstang *, 287, 291, 292, 295, 
296, 302. 

Bidessus aethiopicus Rég., 484. 

— angularis Klug, mentd., 485. 

— geminodes Réq., 484. 

— geminodes Omer-Cooper, 484. 

— geminus var. aethiopicus Rég., 484. 

— — var. zanzibarensis Rég., 484. 

— orarius O.-C., 484. 

— plagiatus Kolbe, mentd., 485. 

— sordidus Sharp, 485 a. 

— vitchumwii Gschw., 485. 

Bifurcaria, 266. 

— tuberculata Stackh., 184, 193-201, 210, 
262, 266, 268. 

Bipinnaria asterigera, 288. 

Blennius gattorugini, 432. 

— pavo, 432. 

— pholis, 432. 

— tentacularis, 432. 

Bochartia longipes Wom., 120, 121. 

— oudemansi Wom.*, 121. 

Bosmina longirostris, mentd., 10. 

Bostrychia sp., 498. 

— Binderi, 495. 

— mixta, 495. 

— tenella, 495. 

Botryococcus, mentd., 37, 54, 58, 63. 

— braunii Kiitz., 39, 40, 53. 

— protuberans West., 48. 

Bougainvillea muscus, 408. 
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Bowerbankia imbricata, 261. 
Brachionus sp., 53. 

— angularis Glosse, 39, 48. 

— pala Hhrb., 39, 48. 

Breynia cernua, 133. 

Bryopsis myosuroides Kiiiz., 533. 
Bunodactis reynaudi, 499. 
Bunodosoma capensis, 503. 
Burria brachyxipha Uv.*, 556. 
— citernii Br. W., 557. 

— longelaminata Schulth., 557. 
— longixipha (Burr), 557. 

— longixipha Uv., 556. 


Caeculisoma argus Vitzthum, 120. 

— ripicola Wom., 119, 120. 

Caeculus andrei Lawrence, 540. 

— deserticolus Lawrence *, 537, 539, 545. 

— echinipes Dufour, 537. 

— hirtipes Berlese, 537. 

— hoggarensis André, 537, 544, 545. 

— hystrix Lawrence * 537, 542, 544, 
545. 

— monticolus Lawrence *, 539. 

— mossambicensis André, 537, 544-5. 

—  muscorum Lue., 537. 

— sclerodermatus André, 537. 

— spatulifer Mich., 537, 544, 545. 

— sudanensis T'rdgardh, 537, 544-5. 

Cafferia, mentd., 101. 

Calanopia americana, 51. 

Calanus finmarchicus, 43, 45, 422. 

Callidosoma Wom.*, 120. 

—ripicola Wom.*, 120. 

Calliostoma ziziphinum, 510. 

Callithamnion stuposum Suhr, 534. 

Calman, W. T., Communication by (Pye- 
finch), 347. 

Caloplaca marina Weddell, 184, 219-21, 
261, 262, 267. 

Calothrix crustacea, mentd., 495. 

Calyptostoma prominens (Banks), 118. 

Cambridge Expedition to the East African 
Lakes, 1930-31, scientific results, 1-69, 
475-485 d. 

Camelomantis, mentd., 553. 

Campoplex coleophoradrum Ratz., 597. 

— crassicornis Grav., 597. 

— vestigialis Ratz., 597. 

Candonella albida Vavra, 26. 

— newtoni Vavra, 26. 


Canthydrus biguttatus Rég., 477-8. 

— morulus O.-C., 478. 

— notula Hr., 477. 

— ugandae Balfour-Browne *, 478. 

Carcinus, 425, 426. 

— maenas, 417, 424-8, 431, 432, 437. 

Cardium, 407, 415, 416. 

— edule, 409, 415, 416. 

— — lamarcki Reeve, 409. 

— — var. quadrata, 409. 

Caridina, mentd., 38, 46. 

— nilotica (Roux), 59. 

Carleton, Mary, The biology of Pontania. 
proxima Lep., the bean gall sawfly 
of willows, 575-624. 

Carpenter, G. D. Hale, Communication by 
(Warren), 305. 

Carter, G. 8., Communication by (Picken), 
273. 

Castanospermum australe, mentd., 126. 

Catenella opuntia (Gooden. et Woodw.) Grev., 
184, 209, 217, 261. 

Caulacanthus ustulatus, 498. 

Caulerpa Holmesiana G. Murray, 533, 

— ligulata Harv., 504, 533. 

— racemosa (Forsk.) J. Ag., 533. 

Cellana, mentd., 512. 

— aster (Reeve), 528. 

— capensis (Gmelin), 498, 517, 524, 526, 
527, 528. 

— — subsp. karachiensis Winckworth, 528. 

— cernica (H. Adams), 528. 

— karachiensis Winckworth, 528. 

— radiata (Born), 528. 

— reynaudi (Deshayes), 528. 

Centrocypris horrida Vdvra, 3, 4, 28. 

Ceramium, 428. 

— rubrum, 428. 

Ceratotherium simum, 447. 

Ceratrimeria albipes (Folsom), 379, 380. 

— earli (Denis), 379. 

— dendyi (Lubbock), 374, 375, 378, 381. 

— flavoantennata Philiptsch., 379. 

— — var. capensis Wom., 379, 380. 

— gigas Philiptsch., 379. 

— indica Handschin, 378. 

— longicornis Handschin, 378. 

— maxima (Schétt), 374, 378, 380. 

— mirabilis Handschin, 378, 379. 

— (Pseudachorutes) novae-zealandiae 
(Wom.), 378. 

— pentoculata Wom., 379. 

— pulchella Handschin, 378. 
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Ceratrimeria silvestri Denis, 379. 

— spinosa (Lubbock), 377, 378. 

— tasmaniae (Lubbock), 374, 377, 378. 

Ceriodaphnia, 56, 61, 64. 

— cornuta Sars, 2, 4, 55, 56. 

— dubia Richard, 2, 4, 55, 56. 

— laticaudata P. EH. Muller, 2, 4. 

— reticulata Jurine, 2, 4, 55, 56, 59. 

— rigaudi Richard, 2, 3, 4, 42, 46, 49. 

Chaerophon pumilus, 151. 

Chaetomorpha, 415. 

— Linum Kiitz., 386, 400, 402, 404, 406, 
407, 437, 439. 

Chaoborus, mentd., 36, 37, 54, 55, 59, 67. 

Charips, 598. 

Cheilosporum cultratum (Harvey) Aresch., 
534. 

— flabellatum (Harvey) Aresch., 534. 

Chirindites, 279. 

Chironomid larvae, 415. 

Chondrococcus Hornemanni 
Schmitz., 534. 

— Lambertii (Suhr) Kiitz., 534. 

Chondrus crispus, 262. 

Chorthippus sp., 564. 

— intermedius B.-B., 561, 564. 

Chthamalus dentatus, 496. 
— stellatus Poli, 185, 193, 230, 238, 239, 
242, 243, 246, 261, 262, 267, 268. 
Chydorus sphaericus (O. Ff. Miiller), 2, 3, 4, 
10. 
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Cladophora prolifera (Roth) Kiitz., 533. 
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— gariepinus (Burchell), 649. 

— hilgendorfi Boulenger, 631, 632, 649. 

— mossambicus Peters, 649. 
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— africana Martens +, 100. 

— bifidicincta Cox +, 102, 103. 

— ferruginea (Lea) +, 97, 99, 100. 

— cf. ferruginea Lea f, 99. 

— ferruginea Martens f, 99. 

Clypeodytes ovatus O.-C., 484. 

— (ovatus O.-C. 9 forma B verisim), 484, 

Codium, mentd., 498. 

— Lindenbergii, 505. 

— tomentosum, 262. 

Coelatura, mentd., 101. 

Collembola, On the distribution of the 
genus Ceratrimeria Borner (Womers- 
ley), 373-382. 


(Mert.) 


Colpomenia, mentd., 498. 

Cominella cincta, 510. 

Condylostoma magnum Spiegel, 407, 408. 

Conophyma, 280. 

Copelatus aethiopicus Rég., 485 a. 

Corallina, 216. 

— officinalis Linn., 184, 211, 213-5, 246, 
262, 264, 267, 269. 

Corallopsis aculeata (Hering) Holmes, 
534. 

Corophium grossipes, 409. 

— volutator (Pallas), 408, 414. 

Coryne (Sarsia) loveni (M. Sars), 408, 
410. 

— sarsi Loven, 410. 

Cothurnia, mentd., 41. 

Crepidula, 391, 417. 

Crossland, Cyril, Further notes on the 
Tahitian Barrier Reef and lagoons, 
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Cybister aegyptiacus Peyron, 485 b. 

— africanus Cast., 485 b. 

— senegalensis Aubé, 485 c. 

— tripunctatus africanus Cast., 485 b. 

— — africanus Gschw., 485 b. 

— — africanus Wilke, 485 6. 

Cyclograpsus punctatus, mentd., 495. 
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— norvegica Boeck, 408, 412. 

Cyclops, mentd., 3, 15, 16, 38, 48, 50-4, 
60, 64, 66, 635. 

— albidus Jurine, 3, 4, 59, 64. 

— crassus (Fischer) Sars, 16. 

— gibsoni Brady, 3, 4, 11, 16. 

— hyalinus Rehberg, 3, 4, 10, 16, 42, 45, 49, 
51, 55, 56, 59, 67. 

— infrequens Kiefer, 16. 
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49, 51, 55, 59. 

— longistylis Brady, 16. 

— macrurus, mentd., 10. 

— neglectus Sars, 16. 

— nubicus Chappuis, 16. 

— oithonoides Sars, 16. 

— prasinus, mentd., 10. 

— rostrata, 11. 

Cyclotella, mentd., 40. 

— meneghiniana Kiitz., 39, 53. 

Cylisticus convexus, 340. 

Cynips capreae Linn., 593. 

— capreae Fons., 597. 

Cynonycteris collaris, 125. 

Cynopterus brachyotis, 137. 
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Cynopterus brachyotis brachyotis 
S. Mill., 136. 

— — ceylonensis, 125, 138. 

Cyperus articulatus, 632. 

Cyphonautes, 416. 

Cypretta tenuicaudata Vadvura, 3, 4, 28. 

Cypridopsella Kaufmann, 26. 

— worthingtoni Lowndes *, 3, 4, 27. 

Cypridopsis Brady, 26. 

— aldabrae Miller, 26. 

— costata Vdvra, 21. 

— newtoni Brady & Robertson, 3, 4, 26. 

— smaragdina Vdvra, 27. 

Cyprinotus fossulatus Vavra, 3, 4, 19. 

Cypris, O. F. Muller, 17. 

— connica Lowndes *, 3, 4, 17. 

— inflata Daday, mentd., 17. 

— (Euryeypris) neumanni G. W. Miller, 
mentd., 17. 

— pubera O. F'. Miller, mentd., 17. 

Cystoseira ericoides (Linn.) Ag., 184, 209, 
210, 262. 


Daphnia, mentd., 5, 38, 56, 60, 64, 427. 
— galeata Sars, 2, 3, 4, 5. 
= longispina O. F. Miller, 2, 3, 4, 49, 
55, 56, 60. 
— magna, 44. 
— pulex (De Geer), 2, 3, 4, 59, 60. 
Dasychone violacea, 503. 
Dendrodoa grossularia, 261. 
Diadumene cincta Stephenson, 408, 411,429. 
— luciae (Verrill), 408, 410, 411, 417, 429. 
Diaphanosoma, mentd., 64. 
— excisum Sars, 2, 4, 42, 45, 55, 56. 
Diaptomus Westwood, 10, 11, 12, 38, 44, 45, 
52, 61, 62, 66, 635. 
— africanus Daday, 6, 10. 
— banforanus Kiefer, 3, 4, 13, 42, 43, 49, 57. 
— castor (Jurine), 12. 
— galeboides, 44. 
— gracilis, mentd., 5. 
—— kraepelini Poppe & Mrdzek, 13. 
— newmanni C. van Douwe, 3, 4, 12. 
_—— orientalis, mentd., 15. 
— worthingtoni Lowndes *3H 4, 13: 
Diceros bicornis (Linn.), 447-457. 
_ — bicornis (Linn.), 447, 448, 450, 451, 
452, 454. 
— — cucullatus Wagner, 447. 
— — holmwoodi (Sclater), 447, 448, 450, 
451, 454, 455, 456. 


Diceros bicornis somaliensis (Potocki), 447, 
449, 450, 451, 454, 455, 456. 


— — subspp., 449. 
Dictyota dichotoma (Huds.) Lamour., 
533. 


— — implexa (Lamour.) J. G. Ag., 533. 
— naevosa (Suhr) J. Ag., 533. 
Dicurella flabellata (J. Ag.) Harv., 534. 
Dineutus aereus (Klug), 485 c. 

— aereus Aubé, 485 c. 

— subspinosus (Klug), 485 c. 

— subspinosus Aubé, 485 c. 

Distomus variolosus, 262. 
Dodecaceria, mentd., 500. 

— fistulicola, 498. 

Dracontomelon sp., mentd., 126. 
Duthiea Setchellii Manza, 534. 
Dytiscus griseus Fabricius, 485 b. 

— sticticus Linn., 485 6. 
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des), 1-31; 17. The vertical dis- 
tribution and movements of the 
plankton in Lakes Rudolf, Naivasha, 
Edward and Bunyoni (Worthington 
& Ricardo), 33-69; [18.] Extinct 
Pleistocene mollusca... (Fuchs) ; 
19. Coleoptera of the families Dytis- 
cidae and Gyrinidae (Balfour- 
Browne), 475-485 d. 

Echinocardium, 359. 

Ecklonia buccinalis (Linn.) Hornem., 503, 
517. 

— radiata, 503-5, 508. 

Ecology of a saline lagoon in south-east 
Essex (Howes), 383-445. 

Bidolon helvum Kerr, 136. 

Embletonia pallida (A. & H.), 407, 409, 
416. 

Enemothrombium, mentd., 114. 

Engraulicypris, 636. 

— congicus Nichols & Griscom, 631, 632, 
642. 

— — rukwaensis, 631, 642. 

Enteromorpha, 428, 498. 

— compressa, 261. 

— intestinalis, 437. 

Ependytes macedonicus Picken *, 277. 

Ephierodula, mentd., 553. 
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Epomophorus crypturus Pet., 138. 

* ? — franqueti ’, 137. 

Epomops franqueti franqueti T’omes, 136. 

Eptesicus serotinus, 144, 146, 148-50. 

Equus hemionus, mentd., 91. 

— hemippus, mentd., 91. 

— przewalskii, mentd., 91. 

Erebia, On the evolution of subspecies 
as demonstrated by the alternation of 
variability existing in the subspecies 
of the genus (Warren), 305-323. 

Erebia aethiopellus (Hoffmsg.), 307, 311. 

— aethiops (Hsp.), 307-9. 

— alberganus (de Prun.), 309, 310. 

— alemena Gr.-Gr., 307, 309. 

— atramentaria B.-H., 307, 308, 312, 318. 

— callias Hdw., 307-9, 312. 

— christi Rdtz., 307, 312, 313, 318. 

— claudina (Bkh.), 307, 308, 312. 

— cyclopius (Hversm.), 307, 312. 

— dabanensis Hrschoff, 309, 312. 

— disa (T’hunb.), 307. 

— discoidales (Kirby), 307, 308, 312. 

— edda Mén., 307, 312. 

— embla (Thunb.), 307. 

— epiphron (Knoch), 307, 308, 312. 

— epipsodea Butl., 307. 

— epistygne (Hb.), 307, 308. 

— erinnyn Wrn., 308. 

— eriphyle (For.), 307, 308, 312. 

— euryale (Hsp.), 307, 308, 313. 

— fasciata Butl., 307, 308, 312. 

— flavofasciata Heyne, 307, 308, 313, 314. 

— fletcheri Hlw., 307, 312. 

— gorge (Hb.), 307-9. 

— gorgone Boisd., 307, 312. 

— hewitsonii, 307. 

— jeniseiensis T'ryb., 307, 308. 

— kalmuka Alph., 307, 312. 

— kefersteinii (Hvers.), 307, 312, 318. 

— kindermanni Sig., 307, 312, 318. 

— kozhantshikovi Shelj., 307. 

— lefebvrei (Boisd.), 309, 310. 

— ligla (Linn.), 307, 308. 

— magdalena Streck., 307, 308, 312, 318. 

— manto, 307-9, 312, 313. 

— maurisius (Hsp.), 309. 

— medusa, 307-9. 

— melampus (fwesl.), 307-9, 312. 

— melancholica H.-S., 309, 311, 312. 

— melas (Hbst.), 307, 308. 

— meolans (de Prun.), 307, 309. 

— meta Sitg., 307, 309. 
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Erebia mnestra (Hb.), 309, 311. 
— montanus (de Prun.), 307, 308, 312. 
— neoridas (Boisd.), 307-9, 311. 
— neriene (Béber), 307-8, 312. 

— niphonica Janson, 308. 

— ocnus (Lversm.), 307. 

— oeme (Hb.), 307, 309, 313. 

— ottomana H.-S., 307. 

— palarica Chp., 307, 312. 

— pandrose (Bkh.), 307-9, 312. 

— pharte (Hb.), 307, 308, 312, 313 
— pluto (De Prun.), 307-9. 

— pronoé (£sp.), 307-9. 

— radians Stg., 307-8. 


~ —rhodopensis Nicholl, 309, 311. 


— rossii (Curtis), 307, 309. 

— scipio Boisd., 307. 

— sibo Alph., 307-8, 312. 

— stirius (Godt.), 307-9, 312. 

— theano (Tauscher), 308-9, 312. 

— triarius (de Prun.), 307-8. 

— turanica Erschoff., 307-8. 

— tyndarus (Hsp.), 307-9, 312. 

— vidleri Hlw., 307, 312. 

— wanga Brem., 307, 318. 

— youngi Holl., 307. 

— zapateri Obth., 307-8, 312. 

Eremiaphila arabica Saussure, 547-9. 

— braueri Krauss, 548-9. 

— burmeisteiri Saussure, 549. 

— cerisy Lef., mentd., 549, 550. 

— cycloptera Uv.*, 550. 

— dawydowi Werner, 547-8. 

— gene Lef., 549-50. 

— genet Burmeister, 549. 

— hauenstenii Wern., 549. 

— laevifrons Uv., 548-9. 

— yemenita Uv.*, 550. 

— zetterstedtii Burmeister, 549. 

Eretes griseus Castelnau, 485 b. 

— sticticus Linn., 475, 485 b. 

Eriocheir sinensis, 431, 434. 

Erromenus analis Br., 597. 

Erythraeid Acarine Fauna of Australia and 
New Zealand (Womersley), 107-121. 

Erythraeus serratus Wom.*, 117. 

Erythrura psittacea (Gmel.), 660. 

Essex, Ecology of a saline lagoon in south 
east (Howes), 383-445. 

Ettmiilleria Oudemans, 114, 117. 

— australis Wom.*, 114. 

— obscura Wom.*, 116. 

— sucidum (Koch), Trdgdrdh, 115, 117. 
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Htroxys (Habrocytus) capreae Thoms., 597. 

Eucyclops gibsoni Kiefer, 16. 

Eulophus tischbeinii Raéz., 597, 611, 613, 
615. 

Eumops californicus, 148. 

Eunectes conicollis Wollaston, 485 6. 

— occidentalis Erichson, 485 b. 

— plicipennis Motschulsky, 485 6b. 

— punctatus Zoubkoff, 485 b. 

(2) — punctipennis McLeay, 485 6. 

— sticticus Erichson, 485 6. 

— subcoriaceus Wollaston, 485 b. 

— subdiaphanous Wollaston, 485 6b. 

Eupelmus azureus Ratz., 598. 

— cordairiz Gir., 598. 

— urozonus Dalm., 598. 

— zonurus Dalm., 598. 

Eurytemora, 412. 

— thompsoni, 408. 

— velox (Lilljeborg), 408, 412. 

Eurytoma aciculata Ratz., 598. 

Euthrombium scalaris Wom.*, 112. 

Evolution of subspecies (Warren), 305- 
323. 


Ficus copiosa, mentd., 126. 

Fischer-Piette, E., Etudes sur la bio- 
géographie intercotidale des deux 
rives de la Manche, 181-272. 

Fraser, E. A., Communication by (Howes), 
383. 

Fritillaria, 289, 292, 295, 299, 300, 302. 

— fraudax, 295. 

Fuchs, V. E., Extinct Pleistocene mollusca 

« from Kale Edward, Uganda, and their 

bearing on the Tanganyika problem, 
93-106. 

Fucus, mentd., 188, 192, 254, 509. 

— loreus, 201. 

— platycarpus, 217, 261. 

— serratus, 509. 

— tuberculatus, 196. 

~— vesiculosus, 261. 


Galaxaura natalensis Kylin, 534. 

Gammarus, 408, 427, 438. 

— duebeni, 408, 414. 

—locusta (Linn.), 408, 414, 424, 438, 
440. 

— zaddachi, 414. 

Gardiner, J. Stanley, Communication by 
(Crossland), 459. 


Garstang, W., On the anatomy and 
relations of the Appendicularian 
Bathochordaeus, based on a new 
species from Bermuda (B. stygius, 
sp. n.), 283-303. 

Gasterosteus aculeatus Linn., 409, 417, 
435. 

Gastrimargus africanus chinensis Willemse, 
564. 

— — orientalis Sjéstedt, 279. 

— nubilis Uv., 564. 

Gazella granti Brooke +, 71, 79, 87. 

— thompsoni Giinther +, 71, 79, 86. 

Gelidium cartilagineum (Linn.) Gazill., 504, 
534. 

—pristoides (Turn.) Kiitz., 499, 500, 
516. 

— reptans, 498, 499. 

— rigidum (Vahl) Grev, 504, 534. 

Gibbula cineraria, 510. 

— umbilicalis, 185, 261, 510. 

Gigartina, mentd., 498. 

— radula, 500. 

— stiriata, 500. 

Glaucoma sp., 277. 

Glochidion ramiflorum, mentd., 126. 

Gnathonemus macrolepidotus (Peters), 631, 
639. 

Gobius, 427. 

— minutus Pallas, 409, 417. 

— niger Linn., 409, 417. 

Gonothyrea, 416. 

—loveni (Allman), 408, 410, 417. 

Goodrich, E. S., Communication by 
(Baker & Baker), 123. 

Gordon, Isabella, On a few Indo-Pacific 
species of Pinnotheres, with special 
reference to asymmetry of the 
walking legs, 163-180. 

Gorgon taurinus (Burchell) ely Te 
82. 

Grandidieria, mentd., 101, 102. 

Grasshoppers collected by Captain F. 
Kingdon Ward in Tibet in 1935 
(Uvarov), 279-282. 

Gratidia aegyptiaca (Gray), 559. 

— dicranura Uv.*, 558-9. 

— schizura Uv.*, 559. 

Gunda, 425. 

Gunnarea, 499. 

— capensis, 498. 

Gyrinus aereus Klug, 485 c. 

— subspinosus Klug, 485 c. 
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Habrocytus capreae Thoms., 597, 611, 613, 
619. 

Halicondrea panicea, 261. 

Halicyclops magniceps, 408. 

Halimeda cuneata Hering, 533. 

Haplochilus atripinna Pfeffer, 652. 

Haplochromis, 654. 

— bloyeti (Sauvage), 632, 654. 

— callipterus (Gimther), 655. 

Harmothoé spinifera (Hhlers), 408, 411. 

Helcion dunkeri (Krauss), 512, 524. 

— pectunculus (Gmelin), 495, 498, 517, 
524, 

— pellucidus, 185. 

— pruinosa (Krauss), 524. 

Herpetocypris, mentd., 27. 

Herposiphonia Heringii (Harv.) Falk., 
516. 

Heterocypris Claus, 17. 

— obliquus Lowndes *, 3, 4, 17. 

Hibiscus tiliaceus, 460. 

Hierodula Burmeister, 552-4. 

— arabica Krauss, 554. 

— arabica Wood-Mason, 554. 

— subg. Sphodromantis Stal, 552. 

— trimacula Saussure, 554, 555. 

— trimacula Giglio-Tos, 554. 

— trimacula Wood-Mason, 554. 

Hildenbrandtia pachythallos, 498. 

— rosea, 498. 

Himanthalia, 203, 266. 

— lorea (Linn.) Lyngb., 184, 199, 262, 266, 
268. 

Hinton, M. A. C., Communications by 
(Uvarov), 279-282 ; (Lawrence), 537. 

Hipposideros cervinus (Gould), 144, 157. 

— speoris, 151. 

— tridens, 151. 

Hirstiosoma novae-hollandiae Wom.*, 
118. 

— scalaris Wom., 119. 

Holacanthella, 373—4. 

— spinosa Borner, 377. 

Hopwood, A. Tindell, The humerus and 
femur of certain East African ante- 
lopes, 71-92; Contributions to the 
study of some African Mammals.— 
II. The subspecies of the Black 
Rhinoceros, Diceros bicornis (Linn.), 
defined by the proportions of the skull, 
447-457. 

Hormidium, mentd., 37, 63. 

— subtile (Kiitz.), 39, 40. 


Howes, N. H., The ecology of a saline 
lagoon in south-east Essex, 383- 
445. 

Huxley, J. S., Communication by (Baker 
& Bird), 143. 

Hyalodaphnia, mentd., 38, 635. 

— barbata (Weltner) Daday, 2, 4, 42, 46, 
59, 61. 

Hydaticus capicola Aubé, 485 a. 

Hydrobia ulvae, 416, 437. 

— ventrosa (Montague), 409, 416. 

Hydrocanthus wittei Gschw., 478. 

Hydrocyon, 632, 636. 

— lineatus Bleek, 631, 641. 

Hydroporus planus F., 408, 415. 

Hydrovatus abraeoides Rég., 481. 

— affinis Rég., 475, 480. 

? — affines Gschw., 480. 

— badius O.-C., 480. 

— confertus, mentd., 481. 

— ferrugineus (Wehn.) Zimm. (obscurus 
Rég.), mentd., 480. 

— laticornis Rég., mentd., 481. 

— maculatus Sharp, 480. 

— medialis Balfour-Browne *, 480. 

— mucronatus, Rég., 483. 

? — mucronatus Gschw., 482. 

? — mucronatus Zimmermann, 482. 

— mundus O.-C., 482, 483. 

— senegalensis Rég., 475, 479, 480. 

— subparallellus, mentd., 481. 

Hymeniacidon, 209. 

— sanguinea Grant, 185, 222-4, 229, 235, 
258, 261, 265, 266, 268. 

Hyphydrus crassus Woll., mentd., 483. 


— grossus Sharp, 483. > 
Hypnea musciformis (Welf.) Lamour., 
534, 


— spicifera (Suhr.) Harv., 504, 505, 534. 


Idothea, 413, 419, 438. 

— baltica, 418. 

— linearis, 413. 

— viridis (Slabber), 408, 424, 438, 440, 
413. 

— Idya, 408. 

— (Tisbe) furcata (Baird), 408, 412. 

Indo-Pacific species of Pinnotheres 
(Gordon), 163-180. 

Intertidal fauna and flora of South Africa 
(Stephenson), 487-536. 
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Isactis plana, mentd., 495. 
Ischnobatis stramineipes Br., 597. 


Jaera marina (fab.), 408, 413. 
Jania digitata Manza, 534. 


Kingdonella, 561, 566, 573. 

— gentiana Uv.*, 566, 573. 

— hanburyi Uv.*, 566, 567, 573. 
— kaulbacki Uv., 566, 570, 573. 
— modesta Uv.*, 571, 574. 

— pictipes Uv., 566, 570, 573. 
— saxicola Uv.*, 566, 569, 573. 
— wardi Uv., 566, 573. 
Kirchneriella spp., 48. 
Kowalevskia, 289, 292, 300. 


Labeo, 636. 

— fuelleborni Hilg. & Papp., 631, 633, 
647. 

— victorianus fuelleborni Hilg. & Papp., 
647. 


Laccophilus luridus Rég., 479. 

— luridus Sharp, 479. 

— luridus Schaum, 479. 

— (Philodytes) umbrinus Mots., 475, 479. 

— umbrinus Gschw., 479. 

— umbrinus Sharp, 479. 

Lake Rukwa, The fishes of (Ricardo), 625— 
657. 

Laminaria cloustoni, 205, 262, 266, 268. 

— flexicaulis Le Jolis, 184, 205, 206, 208, 
209, 261, 262, 266, 267, 268. 

— ochroleuca, 205. 

— pallida Grev. ex J. Ag., mentd., 503, 
517. 

— saccharina, 205. 

Lanistes carinatus (Olivier) 7, 101. 

Lates sp., 93. 

Laura gerardiae, 349, 357, 369. 

Laurencia flexuosa Kiitz., 534. 

— — var. pumila Grun., 534. 

— glomerata Kiitz., 534. 

— natalensis Kylin, 534. 

— pinnatifida (Gmel.) Lamour., 184, 211, 
261, 262, 267. 

Lawrence, R. F., new South African 
species of the genus Caeculus (Acari), 
537-545. 


Leander, 343. 

— affinis, 325, 332, 344. 

Leathesia difformis Aresch., 184, 211, 262, 
269. 

Lepadoderma africanum, mentd., 520. 

Lepralia pallasiana, 224. 

Leptocyclops gibsoni Lowndes, 16. 

Leptoglanis rotundiceps (Hilg.), 631, 
648. 

Leptonereis sp., 343. 

— glauca Clap., 343. 

Leptus ornatus Wom., 118. 

Lichina confinis Agh., 184, 217-9, 222, 
261, 268. 

—pygmaea Agh., 184, 217-9, 222, 261, 
268. 

Ligia, 437. 

— natalensis, mentd., 495. 

— oceanica (Linn.), 408, 409, 413, 437, 
438. 

Limapontia capitata, 418. 

Limnea stagnalis, 436. 

Limneria clypeata Br., 597. 

— crassicornis Holm., 597. 

— curvicauda Holm., 597. 

— vestigialis Br., 597. 

Lineus, 410. 

— gesserensis Miller, 407-9. 

Lithodomus, 462. 

Lithophyllum incrustans Phil., 184, 216, 
262. 

Lithothamnium, 215, 216. 

—_ lenormandi Aresch., 184, 209, 213, 215, 
216, 262, 267, 269. 

Littorina, 495, 506, 511. 

— africana, 495. 

— knysnaénsis, 495, 510. 

— littoralis, 510. 

— littorea, 424, 510. 

— neritoides Linn., 185, 247, 248, 509, 
510. 

— obesa, 495. 

— rudis tenebrosa, 409. 

__ gaxatilis Olivi, 185, 247, 261, 416, 509, 
510. 

— — tenebrosa (Montague), 409. 

Lizards, luminous organs in, 658. 

Locusta migratoria (Linn.), 565. 

Lowndes, A. G., The smaller Crustacea 
(Cambridge Expedition), 1-31. 

Loxophyllum sp., 273. 

Luminous organs in lizards (Parker), 658— 
660. 
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Lunar periodicity, Further observations 
on (Wheeler), 325-345, 

Lyngbya, mentd., 54. 

— circumcreta West, 48. 

— lagerheimii (M6bius), 53. 

— lutea Gomont, 39. 


Macrocytis pyrifera, 503. 

Macroglossus _lagochilus 

Matschie, 136. 

Macroneura maculipes Walk., 598. 

Macropus sp., mentd., 114. 

Maia verrucosa, 431. 

Marcusenius discorhynchus (Peters), 631, 

638. 

Megalocercus, 286, 301. 

Mekongia Uv., mentd., 279, 561. 

— gregoryi, 279, 282. 

— kingdoni Uv.*, 280, 282. 

— wardi Uv.*, 280, 282. 

Melania ferruginea Lea tf, 99. 

Melitaea aurinia, 321. 

Meloboris crassicornis Grav., 597. 

Melosira, mentd., 37, 48, 63, 65, 66. 

— ambigua Miill., 48. 

— granulata (Hhrb.), 48. 

Membranipora crustulenta, 409, 416, 
417. 

— — var. fossaria (Hincks), 409. 

— monostachys Hincks, 417. 

Meridacris, mentd., 566. 

Mesochorus sp., 597, 608. 

Mesochra lilljeborgi Boeck, 408, 412. 

Mesoleius bilineatus Grav., 597. 

— sanguinicollis Holm., 597. 

— variegatus Jur., 597. 

Mesoleptus sanguinicollis Vollen, 597. 

— variegatus Kriech, 597. 

Mesophyllum lichenoides (Hll.) Lem., 184, 
216. 

Metadiaptomus Methuen, 11, 38. 

— aethiopicus Daday, 2, 4, 11, 59, 60. 

— chevreuxi, mentd., 11. 

— transvaalensis Methuen, 11. 

Microbracon discoideus Wesm., 597, 608, 
609. 

— picticornis Wesm., 597, 609, 611. 

Microcystis, mentd., 54, 63. 

— flos-aquae (Wittr.), 53-4. 

— marginata (Menegh.), 53-4. 

Microstomum, mentd., 275. 


lagochilus 


Microtrombidium, 114. 

— affine Hirst, 107. 

— (Enemothrombium) calycigerum Ber- 
lese, 109. 

— (E.) cygnus Wom.*, 109. 

— fuscicomum Berlese, mentd., 109. 

— (Microtrombidium) hystricinum Can. 
(Vitz.), mentd., 109. 

— pritchardi Wom.*, 109. 

— (E.) simile Hirst, 109, 114, 115. 

— (E.) subrassum Berlese, 109. 

— sucidum (Koch), 114. 

— (E.) victoriense Wom., 109, 114, 115. 

— westraliense Wom., 109. 

— zelandicum Womersley *, 107. 

Millepora, mentd., 468. 

Miniopterus, 150. 

— australis Tomes, 144, 152, 157-9. 

— medius, 144, 152, 157. 

— schreibersi, 144, 149, 150, 151, 157. 

Modiolus philippinarum (Hanley), 169. 

Moina, mentd., 50, 51, 52, 64. 

— brachiata (Jurine), 2, 4, 42, 45, 51, 59, 
61. 

— dubia Guerne & Richard, 2, 3, 4, 49, 51, 
Bb, 5G. 

Monoculus villosus Jurine, 26. 

Montipora, mentd., 469. 

Mormyrus longirostris Peters, 631, 640. 

Mutela (Mutelina) sp. f, 103. 

Mya, 391, 416. 

— arenaria Linn., 340, 393, 409, 411, 414, 
416, 424. 

Myotis sp., 147, 148. 

— lucifugus, 149, 151. 

— myotis, 149. 

Mytilina ventralis Ehrb., 48. 

Mytilus, 209, 499, 506. 

— crenatus, 499. 

— edulis Linn., 182, 184, 185, 193, 223, 
229-31, 235, 254, 257, 261, 265, 266, 
268, 409, 437. 

— meridionalis, 499. 

— perna, 499. 


Nematus, mentd., 593. 

— capreae Linn., 593. 

— crassispina Thomson, 593. 
— festivus Zaddach, 593. 

— gallicola Stephens, 593. 
— herbacea Cam., 593. 

— parvulus Holmgren, 593. 
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Nematus proximus Le Peletier, 593. 

— vallisnieri Hartig, 593. 

Nemotehes sp., 408, 415. 

Neothauma +, 102, mentd., 97, 99. 

— dubium (Coz) f, 99, 103. 

— tanganyicense (Smith), 99. 

Neotrombium barringunense Hirst, 109. 

Nereis diversicolor Miiller, 408, 411, 417, 
425, 432. 

‘New Hebrides, seasons in a tropical rain- 
forest.—Pt. 3. Fruit-bats (Baker & 
Baker), 123-141; Pt. 4. Insecti- 
vorous bats (Baker & Bird), 143-161. 

New Zealand, additions to the Trom- 
bidiid and Erythraeid Acarine Fauna 
of (Womersley), 107-121. 

Nilomantis arabica Beier, 551. 

— floweri Werner, 551. 

Noterus imbricatus Klug, 476. 

— imbricatus Sharp, 476. 

Nucella lapillus, 510. 

Nyctalus noctula, 144-6, 148, 150. 

Nyctinomus, 149. 

— mexicanus, 148, 151, 157, 159. 


Obelia, 416. 

— flabellata Hincks, 408, 410. 

Octomeris angulosa, 496. 

Odontosyllis enopla, 343. 

Oikopleura, 285, 286, 289, 293, 295, 296, 
298, 299, 300, 301, 302. 

— intermedia, 299, 300. 

— longicauda, 299-301. 

— valdiviae, 295. 

Omocestus enitor Uv., 279. 

— maroccanus Chapman, 563. 

— tibetanus Uv.*, 561, 562, 563. 

Oncidiella celtica Cuvier, 185, 245, 246. 

Oncocypris G. W. Miller, 22. 

— costata Daday, 21, 22. 

— miilleri, mentd., 25. 

— omer-cooperi, mentd., 23, 25. 

— voeltzkowi, mentd., 25. 

— worthingtoni Lowndes * 3, 4, 22. 

Orectogyrus demeryi subsp. elevatus Rég., 
485 d. 

—demeryi Reg. subsp. puellaris Oche., 
485 a. 

— leroyi Rég., 485 d. 

Oreosaurus laevis Boulenger, 659. 

Oreotragus oreotragus (Zimmerman) f, 71, 
74, 82. 


Orthoptera, Studies in the Arabian 
(Uvarov), 547-559. 

Osilinus lineatus, 510. 

Ostrea cucullata, 498, 499. 

Otina otis Turton, 185, 246. 

Oxystele sinensis, 510. 

— tigrina, 510. 

— variegata, 495, 498, 510. 


Pachygrapsus marmoratus, 185. 

Pachypodisma lezgina Uv., 566. 

Palaemon, 46. 

— niloticus Rows, 42. 

Palaemonetes varians (Leach), 408, 412, 
414, 434. 

Paludomus ferrugineus Smith f, 99. 

Palythoa, 359, 360. 

— howesi, 347, 359. 

— nelliae, 505. 

Paphia gallus (Gmelin), 177. 

Paracentrotus lividus Lamarck, 185. 

Paradiaptomus Sars, 5, 11. 

— africanus Daday, 2, 3, 5,6, 16. 

— biramata Lowndes, 6, 10. 

— falcifer (Lovén), mentd., 5. 

Paratilapia microlepis (Boulenger), 655. 

Parhierodula, 552, 553. 

Parker, H. W., Luminous organs in 
lizards, 658-660. 

Parreysia, mentd., 101. 

Patella, 248, 509. 

— argenvillei, 494, 501, 502, 509, 514, 515, 
525, 527, 529, 532, 533. 

— barbara Linn., 502, 515, 516, 525, 527, 
529, 532. 

—eochlear Born, 494, 499-502, 509, 
514-6, 527-9, 532. 

— compressa Linn., 517, 526, 527, 529, 532. 

— depressa Penn., 185, 248, 249, 251, 262, 
268. 

—granatina Linn., ley, tale Gyillye, tsyail 
523, 525-7, 529, 530, 531, 532, 533. 

— granularis Linn., 495-6, 498, 517, 520, 
527, 529, 532. 

— hypsilotera, 250. 

— intermedia Jeffreys, 185, 224, 247, 249- 
51, 253, 261, 264, 268-9. 

— longicosta, 499, 513, 520, 523, 525, 527, 
529, 530-3. 

— miniata Born., 521, 523, 525, 527, 529, 
532. 

— novemradiata Q. & G., 528. 
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Patella oculus Born., 498, 513, 517, 520, 
523, 527, 529, 530, 531-3. 

— patriarcha Pilsbry, 523, 527, 529, 532. 

— sanguinans Reeve, 523. 

—variabilis Krauss, 498, 512, 517, 524, 
527. 

—vulgata Linn., 185, 245, 248-90, 251, 
261-2, 267. 

Pavona, mentd., 469. 

Pediastrum, mentd., 54. 

— duplex Meyen, 53. 

— simplex (Meyen), 53. 

— tetras (Hhrb.), 48. 

Pelvetia, mentd., 509. 

— canaliculata, 261, 509. 

Penaeopsis, 332, 334, 336, 338-40, 342. 

— goodei, 325, 332, 344. 

— smithi, 325, 332, 344. 

Penaeus, 343. 

— brasiliensis, 325, 332, 344. 

Periclimenes, 332, 334, 343. 

— americanus, 325, 332, 344. 

Perinereis, 343. 

— melanocephala M‘Intosh, 342. 

Peripatus, 381. 

Peromyscus, 316. 

Peronea logiana Schiff., 619. 

— tristana Hib., 619. 

Phasma aegyptiacum ?Kirby, 559. 

Philhydrus bicolor F., 408, 415. 

Phormidium molle Gomont, 39. 

Phragmites, mentd., 273. 

Phyllitis, mentd., 498. 

Phyllodecta vulgatissima Linn., 620. 

Phytia, 437. 

— myosotis, 409, 416, 437, 438. 

— — myosotis (Dreparnaud), 409. 

Picken, L. E. R., A new species of rhab- 
docoel and its method of feeding, 
273-277. 

Pila ft, 101. 

— vesicaria Ratz., 597, 601, 602, 603, 607, 
611, 619, 621. 

Pinnotheres, On a few Indo-Pacific 
species of (Gordon), 163-180. 

Pinnotheres, 166. 

—alcocki Rathbun, 163, 167, 168, 172, 
175, 176. 

— alcocki Tesch, 176. 

— arcophilus, 164. 

— consors Birger, 179. 

— edwardsi de Man, 166. 

— gordoni Shen, 171. 


Pinnotheres lanensis, 179. 

— latissimus Birger, 167, 168, 173, 176, 
Lig 

— latus Birger, 171. 

— margaritifera Laurie, 164. 

— nigrans Rathbun, 173. 

— obesus Dana, 176. 

? — obesus Miers, 176. 

— palaensis, 164, 176. 

— parvulus Stimpson, 171, 172, 179. 

— parvulus de Man, 176. 

— pilumnoides Nobili, 165. 

— pisum, 164. 

— similis Biirger, 163, 167, 168, 172, 173, 
175. 

— sinensis, 165. 

— spinidactylus Gordon *, 164, 167, 168, 
169, 172. 

— tivelae Gordon *, 167, 168, 174. 

— tsingtaoensis Shen, 171. 

— villosulus Guérin, 165. 

— winckworthi Gordon *, 167-8, 177. 

Pionocypris, mentd., 26. 

Pipistrellus mimus, 151. 

— pipistrellus, mentd., 144-6, 149-51. 

— subflavus, 149, 151. 

Placenta placenta (Linn.), 172. 

Placodium lobulatum, 220. 

— murorum, 220. 

Platichthys flesus, 417, 435. 

— — flesus Linn., 409. 

Plecotus auritus, 145, 146, 147, 149-50. 

Pleuroxus aduncus (Jurine), 2, 4. 

Pliodon + sp., 102, 103. 

Plocamium corallorhiza (Turn.) Harv., 
504, 534. 

— cornutum, 503. 

— glomeratum J. G. Ag., 534. 

— rigidum Bory, 534. 

— Robertiae Schmitz., 504, 534. 

Pnigomantis, mentd., 553. 

Pocillopora damicornis, 469. 

— eydouxi, 462. 

Pollicipes cornucopiae Leach, 185, 230, 
261, 266. 

Polydora ciliata (Johnston), 408, 411. 

Pomatoceros triqueter Linn., 185, 223, 
224, 226, 227, 235, 258, 259, 262, 265, 
266, 268. 

Pomatoleios, mentd., 499. 

— crosslandi, 498. 

Pontania proxima Lep., 575-624. 

— salicis Christ., 596. 
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Porites, 462—3, 469. 

— (Synarea) convexa, 463. 

Porolithon, mentd., 465. 

Porphyra, 495, 509. 

— capensis, mentd., 495, 498. 

Potadoma ganahli Connolly 7, 96, 103. 

Potamocypris Brady, mentd., 26, 27. 

— aldabrae Daday, 26. 

— hummelincki Klie, 27. 

— maculata Alm, 27. 

Praunus flexuosus (Miiller), 408, 414, 427. 

Prionitis nodifera (Hering) Bart., 504, 534. 

Pristiphora pallipes Lep., 584. 

Procerodes ulvae, 430. 

Proctoporus (Oreosaurus) shrevei Parker, 
luminous organs in, 658. 

Prorocentrum micans Hhrenb., 406, 440. 

Prosphena, 279. 

Pseudocentrotus, 425. 

Pteromalus audowintt Ratz., 598. 

— capreae Swed., 597. 

— dufowrii Ratz., 598. 

Pteropus ariel G. M. Allen, 136. 

— conspicillatus Gould, 138. 

— edulis, 137. 

— eotinus, 124, 133, 135, 138. 

— funebrus, 125. 

— geddiei MacG., 124, 126 et seq. 

— giganteus, 125. 

— — giganteus Briinn., mentd., 132, 136. 

— gouldi, 125, 138-9. 

— medius, 125, 137. 

— melanotus Blyth, 136. 

—morio K. And., 136. 

— natalis Thos., 125, 138. 

— nicobaricus, 137. 

— niger Kerr, 124, 138. 

— poliocephalus Temm., 124, 138. 

— scapulatus Pet., 125, 138. 

— subniger Kerr, 124, 138. 

Purpura lapillus Linn., 185, 247, 256, 261, 
267. 

Pyenophycus tuberculatus, 196. 

Pyefinch, K. A., The anatomy of Bacca- 
laureus torrensis, sp. n. (Cirripedia 
Ascothoracica), 347-371. 

Pyura stolonifera, 503-4. 


Raphicerus campestris (Z'hunberg) omne Ls 
75, 84. 

Raphidiophoys sp., 39, 48, 53, 54, 59. 

Raspailia ramosa, 262. 
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Rathkea octopunctata (M. Sars), 408,. 
410. 

Rhabdocoel, A new species of (Picken),. 
273-277. 

Rhinoceros bicornis Linn., 451-2, 453. 

— — capensis Camper, 453. 

— cucullatus Wagner, 453. 

— keitloa A. Smith, 447, 453, 454. 

—unicornis Linn., 452. 

Rhinolophus ferrum-equinum, 146, 149, 
150, 158. 

— hipposideros, mentd., 145-6, 149-50. 

Rhodymenia natalensis Kylin, 534. 

— palmata (Linn.) J. Ag., 184, 211, 262. 

Rhynchotragus kirki (Giinther),} 71, 76,. 
84. 

Ricardo, C. K., The fishes of Lake Rukwa,. 
625-657. 

—, see Worthington, E. B. 

Rissoa parva, 526. 

Rivularia bullata, 261. 

Rousettus aegyptiacus, 137. 

— arabicus And. & de Wint., 136. 

— egyptiacus H. Geoff., 125, 136. 

— leachi A. Sm., 124. 

Ruppia, 409-11, 413-16. 

— maritima, 386, 400, 402, 404-7, 41I, 
437, 439. 


Sabellaria alveolata Linn., 185, 229, 498. 

— spinulosa, 224. 

Saccorhiza bulbosa, 205, 206, 262, 266, 
268. 

Sagartia luciae, 417. 

Salix alba Linn., 593. 

— amygdalina Linn., mentd., 581, 593. 

— caprea Linn., 593. 

— cinerea Linn., 593. 

— fragilis Linn., 577, 583, 586, 588, 591, 
593-6, 603, 620, 621. 

— pentandra Linn., 593. 

— silesiaca Willd., 593. 

__triandra Linn., 577, 581, 583, 585-6, 
588-90, 594-6, 603, 615, 618, 620. 

— vitellina Linn., 593. 

Salmo trutta, 430. 

Sargassum, 465, 470, 505, 510. 

— elegans, 505. 

— heterophyllum, 505. 

— incisifolium, 505. 

— longifolium, 505. 

‘ Saulea,’ + ? sp. n., 100, 103. 
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Schilbe, 636. 

— mystus (Linn.), 631, 648. 

Scopimenus pygobarbus Rom., 597, 608, 
621. 

Seasons in a tropical rain-forest (New 
Hebrides).—Pt. 3. Fruit-bats (Baker 
& Baker), 123-141-; Pt. 4. Insecti- 
vorous bats (Baker & Bird), 143- 
161. : 

Sigara, 408. 

— selecta (Fieb.), 408, 415. 

Simosa vetuloides (Sars), 2, 4, 49. 

Sinaiella nebulosa Uv., 552. 

— sabulosa Uv.*, 552. 

Siphonaria sp., 498. 

South Africa, The constitution of the 
intertidal fauna and flora of (Stephen- 
son), 487-536; new species of South 
African Caeculus (Lawrence), 537- 
545. 

Sphaerolophus, mentd., 120. 

Sphaeroma rugicauda Leach, 408, 413. 

Sphaerotarsus Wom.*, 119. 

— allmani Wom.*, 119. 

Sphenarium, 279. 

Sphingonotus longipennis Saussure, 565. 

— yunnaneus Uv., 565. 

Sphodromantis Stal, 552-4. 

— arabica Giglio-Tos, 554. 

— aurea, 553, 554. 

— bhamoana Giglio-Tos, 553. 

— dhufarica Uv., 554. 

— gracilicollis Beier, 553, 554. 

— tenuidentata Saussure, 553. 

— trimacula Saussure, 553, 554. 

— trimacula Giglio-Tos, 554. 

— venosa Oliv., 553. 

— viridis (Forsk.), 555. 

Splachnidium, mentd., 498. 

Spyridia cupressina (Harv.) Kiitz., 534. 

Staurastrum paradoxum Meyen, 53-4. 

Stegosoma, 286. 

Stephenson, T. A., The constitution of the 
intertidal fauna and flora of South 
Africa.—Part 1., 487-536. 

Stenocypris G. O. Sars, 20. 

— curvirami Lowndes, 3, 4, 20. 

— icosacanthus Lowndes, 3, 4, 21. 

— fascigera G. O. Sars, 21. 

— malcolmsoni G. O. Sars, 20. 
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